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Description
Background

[0001] Management and control of telecommunica-
tions networks is an ongoing problem. Service providers
and infrastructure providers constantly look for ways to
more efficiently use network resources, improve perform-
ance, balance traffic load, reduce risk of malfunction,
and/or meet service level agreements.

[0002] This problem is made more complex by the va-
riety and heterogeneous nature of telecommunications
networks. For example, many telecommunications net-
works have equipment of different types and provide
communications using different frequencies, different
technologies (such as GSM, UMTS, LTE and Wi-Fi) and
different hierarchical layers (such as macro cells, small
cells, femto cells). Currently the management and control
systems attempt to optimize telecommunications net-
works by optimizing the performance of network equip-
ment, parameters and/or characteristics of the telecom-
munications network (e.g. cell(s), network element(s), ra-
dio broadcast system (RBS), radio network controller
(RNC), and/or base station(s), etc.), which typically affect
all the users in the optimized area.

[0003] Forexample,theso-called Self-Organising Net-
work (SON) is an intelligent platform that automatically
optimises 2G, 3G and 4G networks at a cellular level.
The Third Generation Partnership Project (3GPP) has
introduced the SON concept into Release 8, and defined
a set of use cases that govern a network including the
planning, deployment, optimisation and maintenance ac-
tivities

[0004] The SON use cases include Automatic Neigh-
bour Relation (ANR), Coverage and Capacity Optimiza-
tion (CCO), Mobility Load Balancing (MLB), Mobility Ro-
bustness Optimization (MRO) etc.; each use case will
optimise different network parameters automatically. For
example, ANR adds or deletes neighbour relations to re-
duce overall user call drops due to missing or incorrect
neighbour cells. CCO optimises base station pilot trans-
mission power, antenna tilting and some handover
threshold to balance the coverage and capacity. MLB
optimises the pilot transmission power and handover pa-
rameters to balance the traffic between different sites,
different frequency layers and different technologies
(2G/3G/LTE).

[0005] Current SON solutions are required to operate
through a 3GPP standardized Operation Support System
(OSS) function in which OSS vendors can only provide
a limited set of OSS applications to operators for opti-
mizing a network only to a minimum granularity of the
network equipment, network parameters and/or charac-
teristics (e.g. cell wide management). As current SON
solutions are only able to apply the optimization to net-
work equipment that affects cells, they cannot perform
an optimization that targets a specific user of a specific
cell without targeting other users within that cell and pos-
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sibly adversely affecting such users.

[0006] Furthermore, SON solutions are limited to the
existing Radio Access Network (RAN) technologies and
do not capture all requirements towards heterogeneous
networks where different technologies and user equip-
ment such as smart devices coexist together. The OSS
allows an operator to optimize the network using the con-
figuration management application. The OSS configura-
tion management is limited to a set of parameters and
features defined by the network vendor which the oper-
ator can only apply to the network equipment.
European Patent Publication EP 3 026 950 A2 is prior
art under Article 54(3) EPC only. EP 3 026 950 A2, ac-
cording to its abstract, describes a self-organizing net-
work engine for use in a telecommunications network.
The self-organizing network engine is configured to re-
ceive one or more quality of service indicators describing
a quality of service experienced by a user equipment
device when receiving a service from a telecommunica-
tions network comprising the self-organizing network en-
gine.

WO 2014/056551 A1, according to its abstract, describes
a method comprising receiving at least one of a) usage
condition information relating to one or more usage con-
ditions of a user equipment and b) network performance
information; and using said information to cause a
change in one or more parameters which individually
control a or said user equipment, said parameters being
radio resource management parameters.

US 2013/114460 A1, according to its abstract, describes
a technique for generating or updating a user profile
based on a packet flow in a communications network
from a user terminal to a destination address. A method
implementation of this technique comprises receiving, by
a Policy Control and Charging Rules Function (PCRF)
from a Policy and Charging Enforcement Function
(PCEF), at least one item of information indicative of at
least one of the destination address and a service pro-
vided at the destination address to the user terminal.
Based on this item of information, a user profile for a user
associated with the user terminal is generated or updated
[0007] The embodiments described below are not lim-
ited to implementations which solve any or all of the dis-
advantages of known telecommunications network con-
trol systems.

Summary

[0008] The claims define the matter for which protec-
tion is sought. This Summary is provided to introduce a
selection of concepts in a simplified form that are further
described below in the Detailed Description. This Sum-
mary is not intended to identify key features or essential
features of the claimed subject matter, nor is it intended
to be used as an aid in determining the scope of the
claimed subject matter.

[0009] Methods and apparatus are provided for man-
agement, control and optimization of a telecommunica-
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tions network using a self-organizing network (SON) en-
gine configured to optimize the communication prob-
lems, performance issues and/or user experience of user
equipment devices (UEs) on a per user basis. The meth-
ods and apparatus collect communications data for each
user related to the performance, the mobility and/or the
communications of the UE including historical behaviour
of the UE. This user data is analysed to identify commu-
nication issues, communication problems, user experi-
ence and/or performance issues associated with the UE
in which one or more optimisation strategy(ies) are de-
termined/selected to generate actions for configuring the
telecommunication network on a per user basis for opti-
mizing the user experience. For example, the radio ac-
cess network may be configured to optimise the user
experience of the UE and/or the behaviour of the UE.
The SON engine may define an optimisation loop in which
the current status of the UE is determined, an optimisa-
tion strategy may be selected based on the status of the
UE for optimising the user experience of the UE. As well,
further communication data associated with the UE is
collected, analysed to identify further communication is-
sues, communication problems, user experience and/or
performance issues and the like, determining/selecting
further optimisation strategy(ies) and taking appropriate
action to optimise the user experience.

Brief Description of the Drawings

[0010] Embodiments ofthe invention will be described,
by way of example, with reference to the following draw-
ings, in which:

Figure 1 is a schematic diagram of a telecommuni-
cations network comprising a plurality of end UE de-
vices;

Figure 2a is a schematic diagram of the telecommu-
nications network of Figure 1 with an example self-
organizing network node according to the invention;

Figure 2b is a schematic diagram of the example
self-organizing network node of Figure 2a including
a SON engine and user profile database;

Figure 3a is a flow diagram of an example method
performed by the SON engine of Figure 2b;

Figure 3bis aflow diagram of another example meth-
od performed by the SON engine of Figure 2b;

Figure 3cis aflow diagram of another example meth-
od performed by a UE or a network element in re-
sponse to a command received by the SON engine
of Figure 2b;

Figure 4a is a schematic diagram of a further exam-
ple telecommunication network with another exam-
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ple SON engine according to the invention;

Figure 4b is another schematic diagram of the tele-
communication network and SON engine of Figure
4a;

Figure 5ais a schematic diagram of an example SON
engine of Figures 4a and 4b;

Figure 5b is a schematic diagram of an example SON
engine of figure 5a;

Figure 5cis a schematic diagram of an example per-
formance analysis engine of the for use in the exam-
ple SON engine of figure 5b;

Figure 5d is a schematic diagram of an example da-
tabase for use in the example SON engine of figure
5b;

Figure 5e is a schematic diagram of an example op-
timisation engine for use in the SON engine of figure
5b;

Figure 5f is a schematic diagram of the example op-
timisation engine of figure 5e;

Figure 5g is a flow diagram illustrating an example
method(s) for use with an example operation engine
of SON engine of figure 5b;

Figure 6a is a flow diagram of an example method
performed by the SON engine of Figure 5a;

Figure 6b is another flow diagram of an example
method performed by the SON engine of Figure 5a;

Figure 6¢ is a further flow diagram of an example
method performed by the SON engine of Figure 5a;

Figure 7 is another schematic diagram of an example
SON engine according to the invention;

Figure 8 is a schematic diagram of an example UE
for use with the SON engine of Figure 7;

Figure 9 is a schematic diagram of an example net-
work element for user with the SON engine of Figure
7

Figure 10 is a signalling diagram of an example sig-
nal flow between an example SON engine, network
element(s) and UE in response to performance is-
sue(s);

Figure 11 is a signalling diagram of an example sig-
nal flow between an example SON engine, network
element(s)and UE inresponse to handover perform-
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ance issue(s);

Figure 12 is an alternative signalling diagram of an-
other example signal flow between a SON engine,
network element(s) and a UE in response to hando-
ver performance issue(s);

Figure 13 is a flow diagram illustrating the operation
of SON engine, network elements, and UE in re-
sponse to handover performance issue(s) of Figures
11 o0r 12;

Figure 14 is a signalling diagram of the signal flow
between a SON engine, network elements, and a
UE in response to power consumption performance
issue(s); and

Figure 15 is another signalling diagram of the signal
flow between a SON engine and a UE in response

to power consumption performance issue(s);

[0011] Commonreference numerals are used through-
out the figures to indicate similar features.

Detailed Description

[0012] The embodiments described with reference to
Figure 3a and all figures related to it (including figures 1
to 2b) fall within the scope of the claims. All other em-
bodiments are useful to better understand the invention.
[0013] The inventors have found that it is possible to
improve management and control of a telecommunica-
tions network using a self-organising network (SON) en-
gine configured to optimize the performance and/or con-
tinuation of service for a particular end user equipment
device can be met in a more efficient manner whilst not
affecting or severely impacting any remaining end user
devices. The invention is suited to controlling the tele-
communications network and/or user equipment to en-
sure that user experience is optimized on a per user basis
in an efficient manner, even where the telecommunica-
tions network is heterogeneous. For example, where the
telecommunications network has equipment of different
types, provides communications using different frequen-
cies, different technologies (such as GSM, UMTS, LTE
and Wi-Fi) and different hierarchical layers (such as mac-
ro cells, small cells, femto cells etc.). In the examples
described herein, a SON engine is used to manage and
control network elements and equipment in a telecom-
munications network and/or user equipment devices. As
a result of optimizing the user experience for each user
in the telecommunications network in a more efficient
manner, overall network performance is improved and
faults, congestion and the need for maintenance is re-
duced.

[0014] Previous SON engines for telecommunications
have not been able to manage and control telecommu-
nications networks or heterogeneous telecommunica-
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tions networks in a manner that allows optimization of
the performance of a particular end user equipment de-
vice in the telecommunications network.

[0015] A SON engine comprises computer-implement-
ed functionality for executing an optimization algorithm
which uses efficient methods to search huge numbers of
combinations of possible values of parameters of a tel-
ecommunications network (such as a 2G, 3G, 4G mobile
radio access network), to find solutions which are optimal
according to one or more assessment metrics. For ex-
ample, in current SON engines, the parameters include
but are not limited to hand-over parameters, antenna tilt
parameters, pilot transmission power, common channel
transmission power, automatic neighbour relations, and
traffic load etc. The assessment metric may comprise
thresholds and or criteria to be met by telecommunica-
tions network performance data. Examples of telecom-
munications network performance data include but are
not limited to key performance indicators such as
dropped call rate, call setup failure rate. However, these
cannot be used to determine the performance issue(s)
associated with a particular UE and for adapting or con-
figuring the UE to optimize the user experience and mit-
igate the performance issue(s) of the particular UE.
[0016] Various embodiments and examples of the in-
vention use an adaptable, intelligent, or "smart” SON en-
gine that comprises computer-implemented functionality
thatis configured to provide for management, control and
optimization of a telecommunications network and opti-
mize the performance of UEs on a per user basis. The
term smart SON engine or SSON engine is used to de-
scribe one or more examples of the SON engine accord-
ing to the invention.

[0017] As an example, the SSON engine may be con-
figured to collect, for each user, communications data
and/or user data related to the performance, the mobility
and the communications of the UE including historical
behaviour of the UE. This user data is analysed to identify
performance issues associated with the UE in which ac-
tions are determined to optimize the user experience.
The current status of the UE is used to determine which
action(s) are required for mitigating, if any, the perform-
ance issue(s) that may affect the UE. The selected ac-
tion(s) are used to command one or more network ele-
ment(s) or equipment in the telecommunication network
thatare associated with the performance issue(s) to mod-
ify the configuration of the UE to optimize the user expe-
rience.

[0018] Alternatively or additionally, the selected ac-
tions may be used to directly command the UE to modify
the configuration of the UE to optimize the user experi-
ence and thus mitigate the performance issue(s) for the
UE. The further user data based on performance, the
mobility and the communications of the UE in the tele-
communications network may be collected and feedback
to the SON engine for identifying further performance
issue(s) for the UE and/or updating, modifying and/or
generating further actions and triggers for mitigating per-
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formance issue(s) for the UE and thus further optimizing
the user experience.

[0019] The SSON engine functionality may be central-
ized or distributed through a telecommunications net-
work. Hybrid deployments using a mix of centralized and
distributed SSON technology may also be used.

[0020] An operation support system (OSS) is compu-
ter-implemented apparatus interfacing between a con-
ventional SON engine and telecommunications infra-
structure. An example OSS is described in more detalil
below.

[0021] As previously described, the Third Generation
Partnership Project (3GPP) introduced into Release 8
the concept of a SON, an intelligent platform that auto-
matically optimizes 2G, 3G and 4G networks, and defined
a set of use cases that govern a network including the
planning, deployment, optimization and maintenance ac-
tivities. 3GPP does not specify how to implement these
use cases: SON vendors may implement the use cases
using their own proprietary algorithms. The use cases
include ANR, CCO, MLB, and MRO.

[0022] However, solutions associate with the ANR,
CCO, MLB and MRO user cases only provide optimized
parameters that can only be applied on the network side
and at the network level (e.g. cell level), which can only
be used to improve the communication conditions for all
users of a cell or group of cells. These solutions and their
optimized parameters cannot be applied for specific us-
ers without impacting all other users of a cell. It is appar-
ent that these solutions are not suitable for optimizing
the user experience for a specific UE or for mitigating
performance issue(s) experienced by a specific UE in a
cell and thus improving the communication conditions for
a specific UE even though the majority of users may not
be experiencing performance issue(s).

[0023] Figure 1 is a schematic diagram of a telecom-
munications network 100 comprising a plurality of end
user equipment devices (UEs) 1 02a-1 02n. The tele-
communications network comprises a plurality of cells or
coverage regions that are supported by communications
network elements or nodes connected by links. The links
may be wired or wireless (for example, radio communi-
cations links, optical fibre). In this example, the UEs 1
02a-1 02n are located within one or more of the plurality
of cells enabling the UEs to access the telecommunica-
tions network for communication. The telecommunica-
tions network may comprise one or more communica-
tions networks enabling one or more of the UEs 1 02a-
1 02n to communicate with each other or other devices
and equipment over the network.

[0024] Examples of telecommunication network 100
thatmay be usedin certain embodiments of the described
apparatus, methods and systems may be at least one
communication network or combination thereof includ-
ing, but not limited to, one or more wired and/or wireless
telecommunication network(s), one or more core net-
work(s), one or more radio access network(s), one or
more end UE device network(s), one or more wireless
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adhoc network(s), one or more computer networks, one
or more data communication network(s), the Internet, the
telephone network, wireless network(s) such as the
WiMAX, WLAN(s) based on, by way of example only, the
|IEEE 802.11 standards and/or Wi-Fi networks, or Internet
Protocol (IP) networks, packet-switched networks or en-
hanced packet switched networks, IP Multimedia Sub-
system (IMS) networks, or communications networks
based on wireless, cellular or satellite technologies such
as mobile networks, Global System for Mobile Commu-
nications (GSM), GPRS networks, Wideband Code Di-
vision Multiple Access (W-CDMA), CDMA2000 or Long
Term Evolution (LTE)/LTE Advanced networks or any
2nd, 3rd or 4th Generation and beyond type communi-
cation networks.

[0025] Figures 2a and 2b are schematic diagrams of
the telecommunications network of Figure 1 with a con-
ventional centralized SON engine 202 and OSS 204 with
an example of a SSON engine 206 coupled to the tele-
communications network. The conventional SON engine
202 is connected to telecommunications infrastructure
200 of the telecommunications network 100 via an OSS
204. The conventional SON engine 202 may be compu-
ter-implemented using, for example, a server or a group
of servers, and is coupled to OSS 204 for implementing
the 3GPP use cases including ANR, CCO, MLB, and
MRO. The OSS 204 is also computer-implemented and
is arranged to interface with telecommunications infra-
structure 200. The SSON engine 206 may also be com-
puter-implemented using, for example, a server or a
group of servers, and may be coupled directly to the tel-
ecommunications infrastructure 200, and/or coupled to
the telecommunications infrastructure 200 via the con-
ventional SON engine 202 and/or OSS 204.

[0026] The telecommunications infrastructure 200 in-
cludes different types of telecommunications network
nodes and/or elements. These include, by way of exam-
ple only but are not limited to, base stations, access
points, network elements, network controller elements,
switches, and routers etc. In this example, telecommu-
nications infrastructure 200 is in communication with a
variety of communication networks such as a Wi-Fi net-
work, cellular telecommunications networks and a femto
network. The cellular telecommunications networks are
based on 2G, 3G and 4G technologies. The base stations
of the cellular telecommunications networks include base
stations 208, 210, and 212 with each base station having
a footprint indicated schematically in the figure as a hex-
agonal cell.

[0027] The base stations 208, 210 and 212 are con-
trolled by network controller elements 218b, 218c and
218d. The 2G network includes base station controller
218b and base station 208, the 3G network includes radio
network controller 218c and base station 210 (e.g. a
NodeB), and the 4G network includes the MME 218d and
base station 212 (e.g. an eNodeB). The Wi-Fi network
includes network controller element218a (e.g. Wi-Ficon-
troller) that controls access points 220 and the femto net-
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work includes femto network controller/base station 218e
functionality. Although several communications net-
works are illustrated, itis to be appreciated by the skilled
person that these are illustrated by way of example only
and that the telecommunications infrastructure 200 may
include any suitable communication network.

[0028] In this example, UEs 214a-214n are distributed
throughout the telecommunications network in which
some, i.e. UEs 214b-214f, are able to receive services
from the cellular telecommunications networks telecom-
munications network 100 such as voice, video, data and
other services. Other UEs 214a and 214n may receive
voice, video, data and other services from the Wi-Fi and
femto networks.

[0029] The OSS 204 is configured to receive data from
the telecommunications network such as performance
statistics and other data. The operation support system
204 may compute higher level statistics from the per-
formance data it receives, for example, by aggregating
data after filtering out outliers. The OSS 204 may probe
the telecommunications network to obtain the perform-
ance data in some examples. The OSS 204 comprises
interfaces for interoperating with various different types
of telecommunications network node, such as base sta-
tions and/or other nodes in the telecommunications in-
frastructure. In this way the OSS is able to issue com-
mands to telecommunications network nodes in order to
only control the behaviour of those nodes.

[0030] As described above, although the higher level
statistics from performance data are used by the conven-
tional SON 202 and OSS 204 to optimize the overall tel-
ecommunications network infrastructure 200, these sys-
tems cannot be used to optimize the user experience
and/or performance of the UEs 214a-214n on a per user
basis.

[0031] In this example, the SSON engine 206 is con-
figured to collect user/UE communications data associ-
ated with each of the UEs 214a-214n of each user in-
cluding the historical behaviour of the users and UEs
214a-214n (e.g. locations, routes, services, etc.) and
identify which users and UEs may have or are envisaged
to have a communications problem or performance issue
during a communication session based on the current
UE status. The communications data for each UE or user
and associated communications problem(s)/perform-
ance issue(s)are may be stored in a user profile database
222 accessible by the SSON engine 206. The database
may comprise one or more user profile records, in which
each user profile record includes data representative of
the communications data for each user and one or more
communication problems/performance issues associat-
ed with the UE or user.

[0032] A communications problem or performance is-
sue may include, but is not limited to, communications
outages and/or poor communications performance (e.g.
handover failures at a particular location or interference
with other users at a particular location); insufficient data
throughout or bandwidth during a communications ses-
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sion depending on mobility status and locations (e.g.
stalling issues related to video playback while travelling
through the same set of cells or regions each day); poor
hardware and/or software configuration of the UE result-
ing in non-optimal performance of the UE (e.g. poor pow-
er consumption leading to short battery life and/or poor
communications performance of the UE); poor user ex-
perience associated with the UE; and/or sub-optimal user
experience associated with the UE, even though the user
experience may be adequate, it can still be improved.
[0033] For each UE 214a-214n that experiences or is
envisaged to experience an identified performance issue
or problem during a communications session, the SSON
engine 206 is configured to identify or determine the ac-
tions or responses that can be taken by the telecommu-
nications network (e.g. network elements) and/or the UE
itself to mitigate the performance issue(s). The deter-
mined actions/responses associated with the prob-
lem(s)/performance issue(s) for each user may be stored
in the user profile database 222.

[0034] The SSON engine 206 may be configured to
trigger or schedule monitoring of those UEs 214a-214n
identified with problem(s)/performance issue(s) based
on the status of the UE for determining when the corre-
sponding action(s) or response(s) can be executed to
mitigate the performance issues associated with each of
the UEs 214a-214n. The status of a UE 214a may com-
prise or represent the current behaviour of the UE 214a.
For example, the status of a UE 214a may comprise or
represent one or more of the location and/or mobility of
the UE 2144, the services used by the UE, which network
the UE is using, or any other characteristic or information
corresponding to the UE 214a that is detectable by the
network and the SSON engine 206 to allow the SSON
engine 206 to determine whether the UE 214a will expe-
rience one or more of the problem(s)/performance is-
sue(s) associated with the UE 214a.

[0035] Oncethe SSON engine 206 determines wheth-
er the UE 214a may experience or is experiencing one
or more of the problem(s)/performance issue(s) associ-
ated with the UE, the SSON engine 206 is configured to
execute the corresponding determined action(s)/re-
sponse(s). This is performed by the SSON engine 206
sending one or more commands (as illustrated in Figure
2b) associated with the actions/responses to one or more
network element(s) (e.g. network controller elements
such as Wi-Fi controller 218a, BSC 218b, RNC 218c
and/or FEMTO controller 218e) and/or one or more of
the UEs 214a-214n (e.g. UE 214c). On receipt of the one
or more command(s) the network element(s) and/or the
UE are configured to respond by modifying the configu-
ration for the UE to mitigate the associated performance
issue(s) based on the information provided within the
command(s).

[0036] The configuration for a UE comprises or repre-
sents any controllable aspect associated with the UE that
may be configured to improve the user experience for a
communications session in the telecommunications net-
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work. Forexample, the configuration for the UE may com-
prise or represent any controllable aspect associated
with, but not limited to: the hardware and/or software con-
figuration of the UE (e.g. hardware/software components
being used based on the number and types of applica-
tions executing on the UE); the communications config-
uration of the UE or configuration of the UE’s communi-
cation session in the telecommunications network (e.g.
cell neighbour lists, number of communications signals;
uplink/downlink communications, transmit power,
number of transmission channels or resource blocks al-
located to the UE, etc.); and/or any other controllable
aspect associated with the UE for communicating over
the telecommunications network.

[0037] Modifying the configuration of the UE may com-
prise or represent modifying the behaviour of the network
associated with the UE and/or modifying the behaviour
of the UE itself. For example, modifying the configuration
of the UE may include, by way of example, but it not
limited to modifying the behaviour of the network asso-
ciated with the UE, modifying the behaviour of the com-
munication session associated with the UE, modifying
the behaviour of one or more network elements associ-
ated with the UE, modifying the behaviour of the UE,
modifying the communications behaviour of the network
associated with the UE, modifying the communications
behaviour of one or more network elements associated
with the UE, and/or modifying the communications be-
haviour of the UE.

[0038] The SSON engine 206 is further configured to
continue to collect, gather and analyse user communi-
cations data associated with the users and UEs over time
for evaluating whether the determined actions have mit-
igated the identified performance issue(s)/problem(s) as-
sociated with the UE. This allows the SSON engine 206
to receive feedback on the determined actions/respons-
es and, depending on the outcome, to determine whether
the performance issue(s) and/or problem(s) associated
with the UE have been resolved or require alternative or
modified actions/response. The actions/responses used
for resolving performance issues associated with the UE
are stored for this user to allow the user and UE to avoid
the performance issue/problem in a future communica-
tion session.

[0039] Figure 3ais aflow diagram of an example meth-
od 300 for optimizing and controlling the performance of
one or more particular UEs 214a-214n in a telecommu-
nications network 100, which may, by way of example
only, be performed by SSON engine 206 or similar dis-
tributed SSON engine functionality as described with ref-
erence to Figures 1-2b. In this example, for simplicity,
the functionality of the SSON engine 206 will be de-
scribed with reference to a particular user of a UE 214c.
Although the user experience for a particular user of a
UE 214c is optimized by the functionality of the SSON
engine 206, it is to be appreciated by the skilled person
that the SSON engine 206 functionality may optimize the
user experience for each user in a group of UEs 214a-
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214n serially and/or concurrently in a similar manner.
[0040] At 302, retrieving, by the functionality of the
SSON engine 206, a user profile for a UE 214c or par-
ticular user that is stored in a database (e.g. user profile
database 222). Itis assumed thatthe UE 214c has a user
profile stored in database 222. The user profile includes
communications data such as historical data on the com-
munications behaviour and/or performance of the partic-
ular user or corresponding UE 214c¢ in the telecommuni-
cations network 100. Itis to be appreciated that the com-
munications data may be continually and/or collected
concurrently by the SSON engine 206 and stored in the
database 222.

[0041] The user profile may also include data repre-
sentative of one or more action(s) or response(s) asso-
ciated with already identified performance issue(s) of the
UE 214c. The action(s)/response(s) and may be trig-
gered based on the status of the UE 214c¢ within the tel-
ecommunications network 100. The one or more actions
are associated with mitigating the performance issue(s)
associated with the UE 214c that the user has or may
experience at some time during one or more communi-
cation session(s) in the telecommunications network
100.

[0042] At 304, the SSON engine 206 analyses the re-
trieved user profile in relation to the current status of the
UE 214c. At 306, during the analysis the SSON engine
206 may identify one or more performance issue(s) as-
sociated with the UE 214c that the user may experience.
Additionally or alternatively, the SSON engine 206 may
identify whether the user of UE 214c may experience one
or more performance issue(s) already stored in the user
profile.

[0043] At 308, if one or more performance issue(s) are
identified (these may be new performance issue(s) or
current performance issue(s)), the SSON engine 206 in-
cludes functionality for determining one or more ac-
tion(s)/response(s) for use in modifying the configuration
for the UE prior to the performance issue(s) occurring to
optimise the user experience at the UE 214c. The ac-
tion(s)/response(s) may be based on performance opti-
mization algorithms or other functionality that evaluates
the performance issue(s) and identifies a proposed set
of one or more action(s)/response(s) that can be taken
by the UE 214c and/or one or more network element(s)
(e.g. one or more network element(s) 208-212, 218a-
218e and/or 220) of the telecommunications network 100
to modify the configuration for the UE 214c¢ and mitigate
the corresponding performance issue(s).

[0044] The user profile for each user may include one
or more action(s) associated with one or more network
elements 208-210, 218a-218e and 220 for responding
to one or more performance issue(s) to be experienced
by the UE 214c based on the status of the UE 214c. Each
action is associated with a specific network element and
includes data representative of a command for modifying
the specific network element to change the configuration
for the UE whilst avoiding modifying the configuration for
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other UEs.

[0045] The user profile for each user may also include
one or more action trigger conditions associated with the
status of the UE 214c, where an action is triggered when
one or more corresponding action trigger condition(s) is
met based on the current status of the UE 214c in the
telecommunication network 100. For example, the one
or more action trigger conditions for the user may include
one or more from the group of: location and service in-
formation associated with the UE 214c; potential routes
of travel associated with the UE 214c; current status of
the UE 214c; determination of an imminent performance
issue associated with the configuration for the UE 214c;
date and/or time when an associated action was per-
formed; and positive outcome of performing the associ-
ated action.

[0046] At 310, the SSON engine 206 may update the
user profile to include the determined action(s)/re-
sponse(s) and/or trigger condition(s) associated with the
performance issue(s) for the UE 214c. The SSON engine
206 may also update the user profile to include any new
performance issue(s) associated with the UE 214c and
the corresponding action(s)/response(s) for mitigating
the performance issue(s) depending on the status of the
UE.

[0047] At312, depending on the status of the UE 214c¢
and whether the SSON engine 206 determines that the
user of the UE 214c is about to experience or is experi-
encing one or more performance issue(s) during a com-
munication session, the SSON engine 206 sends one or
more commands associated with the determined ac-
tion(s)/response(s) to modify the configuration for the UE
214c and thus mitigate the corresponding performance
issue(s) and optimize the user experience for the user of
the UE 214c.

[0048] At step 304, the SSON engine 206 may further
analyse the updated user profile in relation to the current
status of the UE in response to responding to perform-
ance issue(s) to determine whether the UE experience
has been optimized. The SSON engine 206 may also
determine a further action for controlling a network ele-
ment 218c¢ to adjust the configuration for the UE 214c to
further optimize the user experience of the UE 214c; and
update the user profile by amending the previous deter-
mined action associated with responding to the perform-
ance issue of the UE 214c with the determined further
action.

[0049] For example, at least one command set from
the SSON engine 206 directs a network element (e.g.
RNC 218c) to send one or more configuration messages
to the UE 214c. The configuration message may include
one or more parameters associated with the action(s)
directed for use by the UE 214c to modify the configura-
tion for the UE 214c. For example, the UE 214c may
experience a performance issue such as handoverfailure
or successful handover at the cost of lower performance
(e.g. from a 4G cell to a 2G cell) at the same location in
the telecommunications network 100. The SSON engine
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206 may have identified that the UE 214¢ should not per-
form cell measurements of the cell that cause the hando-
ver failure/lower performance handover.

[0050] As such the SSON engine 206 may have de-
termined that a handover action/response to be that the
UE 214c not be given a neighbour cell list including the
cell causing the performance issue. This means the UE
214c will not measure the offending cell and thus would
not handover to it, which will "solve" the performance
issue. The SSON engine 206, on detecting from the cur-
rent UE status that the UE 214c is in the vicinity of the
location causing the performance issue, sends a com-
mand associated with the handover action to the corre-
sponding RNC 218cinstructing the RNC 218c to notallow
the UE 214c to handover to the offending cell. The RNC
218c may be configured to remove this cell from the cell
neighbour list for the UE 214c and send a configuration
message to the UE 214c with the new cell neighbour list
that it should use to perform cell measurements for
handover. Since the UE 214c does not measure the of-
fending cell, the RNC 218c will not receive any measure-
ments from the UE 214c regarding the offending cell and
thus will not handover the UE 214c to the offending cell.
[0051] Additionally or alternatively, the SSON engine
206 may send at least one command that directs a net-
work element (e.g. RNC 218c) to modify the configuration
for the UE 214c transparently to the UE 214c. For exam-
ple, in the above example regarding the handover fail-
ure/low performance after handover, the network ele-
ment (e.g. RNC 218c) may be configured to allow the UE
214c to provide measurements of all cells in the vicinity
of the location of the UE 214c, but on receiving the meas-
urements for use in determining the handover cell for the
UE 214c, the RNC 218c may not use the measurements
from the UE 214c associated with the offending cell and
so the UE 214c will not be handed over to the offending
cell.

[0052] Inanother example, in responding to a perform-
ance issue associated with a handover failure from a
base station 210 of a first cell to a base station 208 of a
second cell, the SSON engine 206 may be further con-
figured to: analyse the retrieved user profile of the user
of UE 214c by evaluating the retrieved user profile and
status of the UE 214cto determine the UE 214cis passing
through the first cell and determine an action or response
for mitigating the performance issue associated with the
handover failure. The SSON engine 206 may then send
a command to a network element (e.g. RNC 218c) as-
sociated with modifying the configuration for the UE 214¢
based on the determined action.

[0053] For example, the command sent by the SSON
engine 206 may be based on the SSON engine 206 se-
lecting a set of cells from a cell neighbour list associated
with the current status of the UE 214c, where the set of
cells comprises only those cells from the cell neighbour
list that minimize the performance issues associated with
the handover failure. The SSON engine 206 may then
include in the command, data associated with the select-
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ed set of cells. The SON engine 206 may then send the
command to instruct a network element 218c to modify
the configuration of the UE 214c by sending the UE 214c
a configuration message such as a measurement control
message corresponding to the selected set of cells.
[0054] Alternatively or additionally, in another exam-
ple, the SSON engine 206 may be further configured to
send the command to instruct a network element 218c
to modify the communication configuration of the UE
214c by allowing the UE 214c to only hand over to a base
station 212 of a cell in the selected set of cells. For ex-
ample, the network element 218c determines which cell,
other than the cell that is causing the performance issue
that the UE 214c should hand over to. In another exam-
ple, the SSON engine 206 may directly instruct the UE
214c to select another radio access technology (e.g. Wi-
Fi), which may also mitigate the performance issue.
[0055] Otherperformance issue(s)ofthe UE 214c may
be associated with low battery power or excessive power
consumption by the UE 214c¢ such that may not provide
an optimal user experience during a communication ses-
sion. The SSON engine 206 may determine that an ac-
tion/response to such a performance issue may be to
direct a network element (e.g. RAN 218c) to reduce un-
necessary communications between the UE 214c and
the telecommunications network 100.

[0056] In an example, for responding to performance
issues associated with excessive power consumption of
the UE 214c, the SSON engine 206 may during the anal-
ysis of the user profile and communication data associ-
ated with the UE 214c determine the current mobility sta-
tus of the UE 214c¢ and identify a set of communications
signals for reducing unnecessary communications with
the UE 214c based on the mobility status of the UE 214c.
The SSON engine 206 may then send a command to the
network element 218c¢ to reduce sending communication
signals to the UE 214c or requiring the UE 214c to send
communication signals from the set of communication
signals. This may then extend the battery life and reduce
unnecessary power consumption of the UE 214c due to
conserving the UEs power consumption by reducing the
UE 214c transmitting and/or receiving. In an example,
reducing unnecessary communications based on the set
of communication signals comprises reducing the perio-
dicity of transmitting a communication signal to the UE
from the set of communication signals.

[0057] By way of example only, the set of communica-
tions signals may include one or more from the group of:
paging signals associated with the UE 214c; power con-
trol signals associated with the UE 214c; measurement
signals associated with the UE 214c; location services
signals associated with the UE 214c; and any other com-
munication signal associated with the UE 214c that orig-
inates from a network element 218c or is required by the
UE 214c to be transmitted to the network element 218¢c
of the telecommunications network 100.

[0058] In another example, for responding to perform-
ance issues associated with excessive power consump-
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tion of the UE 214c, the SSON engine 206 may determine
the configuration for the UE 214¢ and identify one or more
components of the UE 214c¢ for reducing the power con-
sumption of the UE 214c based on the configuration for
the UE 214c; and send a command to the UE 214c as-
sociated with reducing the power consumption based
one or more identified components. For example, one or
more components of the UE 214c may include any com-
ponent associated with one or more from the group of
hardware components of the UE 214c and/or software
components of the UE 214c.

[0059] Figure 3bis aflow diagram of an example meth-
od 320 for collecting user communications data associ-
ated with one or more UEs 214a-214n and maintaining
and updating the database 222 of user profiles for one
or more UEs 214a-214n in the telecommunications net-
work 100. The database 222 may include user commu-
nications data and performance statistics associated with
one or more UEs 214a-214n and user profiles associated
with one or more UEs 214a-214n. The user profiles for
each associated with one or more UEs 214a-214d may
each include the associated user communications data
for the UEs 214a-214d associated with that user.
[0060] The user profile for each user may include user
communications data associated with the user and/or
UE(s) 214c of the user compiled from multiple sources,
the communications data associated with the user and/or
UE(s) 214c of the user comprising data from one or more
of the group of: traces and performance measurements
associated with the UE 214c; user habits associated with
the UE 214c; locations associated with the UE 214c;
routes determined to be associated with the UE 214c;
services associated with the UE 214c; hardware config-
uration, hardware settings, and/or hardware status as-
sociated with the UE 214c; and performance issues as-
sociated with the UE 214c. The user profile may also
include one or more trigger condition(s) associated with
one or more action(s)/response(s).

[0061] At 322 the SSON engine 206 receives user
communications data associated with one or more UEs
214a-214n communicating over the telecommunications
network. The received user communications data asso-
ciated the one or more users 214a-214n can be received
from many disparate sources. For example, the received
user communications data may be received from one or
more from the group of: one or more network elements
208-212, 218a-218e and 220 of the telecommunications
network 100; a SON component202; an OSS component
204; a performance management component of an OSS
204 or SON 202; traces from one or more of a network
element208-212,218a-218e and 220, SON 202, or OSS
204; probes from one or more of an OSS 204 or SON
202; topology information from a network design data-
base the UEs 214a-214n of the users; and one or more
location databases associated with the location of each
of the UEs 214a-214n.

[0062] At 324, the SSON engine 206 processes the
user communications data associated with each user of



17 EP 3 269 164 B1 18

the one or more UEs 214a-214n and updates the user
profile for each UE 214c based on the received commu-
nications data associated with that user. For example,
the SSON engine 206 may filter and/or sort the received
user communications data associated with each of the
UEs 214a-214n to extract the user communications data
associated with each user or UE. This may be performed
by correlating identifiers within the received user com-
munications data to that of the user and/or the UE 214c.
The user communications data for a UE 214c can then
be used by the SSON engine 206 in step 304 for analys-
ing whether the user of the UE 214 experiences or may
experience any performance issue(s).

[0063] Figure 3cillustrates a flow diagram of a method
330 that may be performed by a UE 214c or a network
element 208-210, 218a-218e and/or 220 for modifying
the configuration of the UE 214cin response to receiving
a command from the SSON engine 206.

[0064] At 332, the UE 214c or the network element
208-210, 218a-218e and/or 220 receives a command
from the SSON engine 206 for modifying the configura-
tion for the UE 214c. As described above, the command
is based on a determined action/response for controlling
the UE 214a to respond to one or more performance
issue(s) associated with the UE 214a.

[0065] At 334, the command includes data represent-
ative of the action for use by the UE 214c and/or the
network element to determine a modification to the con-
figuration for the UE 214c. For example, the at least one
command includes one or more parameters that directs
the UE 214c to modify the communication configuration
of the UE 214c. As another example, the command di-
rects the network element to send one or more configu-
ration messages to the UE 214c, wherein a configuration
message includes one or more parameters associated
with the action for use by the UE 214c to modify the con-
figuration for the UE 214c. Alternatively or additionally,
the command may direct the network element to modify
the configuration for the UE 214c transparently to the UE
214c, e.g. without informing the UE 214c.

[0066] At336,the UE 214cand/orthe network element
are configured to modify the configuration for the UE 214c
to mitigate the performance issue(s) and thereby opti-
mize the user experience. For example, optimizing the
user experience includes responding to performance is-
sue(s) associated with, by way of example only, at least
one from the group of: a handover failure from afirst base
station to a second base station; and an excessive power
consumption associated with the UE 214c; or any other
performance related issue associated with the UE 214c¢
or user experience when communicating using the UE
214c.

[0067] Figures 4a and 4b are schematic diagrams il-
lustrating further examples of a telecommunication net-
work 400 with an example SSON engine 406. The tele-
communications network 400 includes a conventional
SON 402 and multiple OSS 404A-404D from multiple
vendors and telecommunications infrastructure including
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radio access technologies 418a-418n and user equip-
ment devices 414a-414n (UEs). As illustrated, the SSON
engine 406 can be connected to one or more of the con-
ventional SON 402, the OSSs 404a-404d, the radio ac-
cess technologies 418a-418n and the UEs 414a-414n.
The SSON engine 406 is computer-implemented using,
for example, a server or a group of servers, and may be
coupled directly to the telecommunications infrastruc-
ture, and/or coupled to the telecommunications infra-
structure via the conventional SON engine 402 and/or
0SS 404.

[0068] In this example, the telecommunications infra-
structure includes network elements from different types
of radio access technologies. In this example, the tele-
communications infrastructure includes a Wi-Fi network,
2G, 3G and 4G telecommunications networks, adhoc
wireless network such as a Crowd RAN network, a femto
network, and any other new network technologies. The
Wi-Fi network includes a Wi-Fi network controller 418a
and access point 420. The cellular telecommunications
networks are based on 2G, 3G and 4G technologies. The
base stations of the cellular telecommunications net-
works include base stations 408, 410, and 412, which
are controlled by network controller elements 418b, 418¢c
and 418d, respectively. The femto network includes fem-
to network controller/base station 418e. The adhoc net-
work includes a Crowd RAN element 418f. These com-
munication networks provide access for UEs 414a-414n
to access and receive voice, video, data services from
the telecommunications network 400. Although several
communications networks are illustrated, it is to be ap-
preciated by the skilled person that these are illustrated
by way of example only and that the telecommunications
infrastructure may include any suitable communication
network.

[0069] As illustrated in Figures 4a and 4b, the network
elements with which the SSON engine 406 interfaces
with may include the existing proprietary SON layer 402,
the RAN vendors’ OSS layers 404a-404d, core network
elements (e.g. RNC 418c, MME 418d), RAN elements
themselves (e.g. NodeB 410, eNB 412). The SSON en-
gine 406 also interfaces with the UEs 414a-414n. Itis to
be appreciated by the skilled person that the SSON en-
gine 406 may also be configured to implement the meth-
ods and operations described with reference to Figures
1-3c.

[0070] The SSON engine 406 creates an additional
layer to the existing SON 402 and OSS 404 allowing op-
erators to further define and implement optimization tech-
niques focused on optimizing the user experience for
each of the UEs 414a-414n. The SSON engine 406 is
configured to not only interface with one or more of the
OSSs 404a-404d, but it is also configured to interface
directly with 2G, 3G and 4G network elements such as
the BSCs 418b, base stations 408, RNCs 418c, NodeBs
410, MMEs 418d, eNodeBs 412, network elements of
Femto and other small cells 418E, Wi-Fi controllers 418a,
access points 420, adhoc network elements such as
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crowd RAN 418f, and other new network technologies
418n, etc. The SSON engine 406 may also be configured
to interface directly with one or more UEs 414a-414n.
The SSON engine 406 may also interface with other da-
tabases, such as Geographic Information System (GIS)
databases, device capability databases or propagation
measurements / models databases.

[0071] Although the SSON engine 406 is described as
directly interfacing with each of the above-mentioned net-
work elements and UEs, it is to be appreciated that the
SSON engine 406 may be indirectly interfaced with one
or more network elements and/or one or more UEs. For
example, instead of requiring that a new dedicated inter-
face between the SSON engine 406 and a network ele-
ment be implemented, it may be that the interfaces are
modified between existing network elements so that di-
rect interfaces are not necessary. For example, rather
than implement new interfaces to each of the OSS sys-
tems 404a-404d, it may that the existing interface be-
tween OSS 404a-404c and SON 402 is modified so that
the required information is available in SON 402 and can
be passed to/from the SSON engine 406.

[0072] The SSON engine 406 may be configured to
interface with one or more UEs 414a-414n by an appli-
cation (or app) on each of the UEs 414a-414n to allow
communication with the SSON engine 406. The commu-
nication may be performed via a dedicated connection
or secure Internet connections. For example, the UEs
414a-414n may communication via an access point
name (APN) or secure internet connection. The app may
communicate solely with the UE operating system (e.g.
Android, iOS) or may use other application interfaces
(APIs) for access to the UE chipsets and other hard-
ware/software components if the UE. Although an appli-
cation may be used by a UE 414a-414n to connect/com-
municate with the SSON engine 406, it is to be appreci-
ated that such an interface may be standardized, e.g. by
3GPP, and that dedicated app may not be required. For
legacy UEs which do not support apps, additional infor-
mation associated with a given UE may be acquired by
the SSON engine 406 via an interface to the network
elements (e.g. the RAN elements).

[0073] As previously described with reference to Fig-
ures 1-3c, the functionality of the SSON engine 406 may
also be centralized for controlling/interfacing with the
whole telecommunications network 400 to optimise the
user experience for UEs 414a-414n. Additionally or al-
ternatively, the functionality of the SSON engine 406 may
be distributed according to, for example, region, technol-
ogy, or operator.

[0074] Currently, operators can only support optimisa-
tion actions that are limited by the changes that the RAN
vendors publish through the OSS 404a-404d or conven-
tional SON 402, e.g. parameters and features for only
optimizing the telecommunication network at the network
level. The SSON engine 406 is configured to control/in-
teract directly and/or indirectly with any existing commu-
nication networks and the associated network elements
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402, 404a-404d, 408-412, 418a-418n and 420 or new
network technologies 418n. In addition, the SSON engine
406 is configured to control/interact directly with UEs
414a-414n. For example, using an app (e.g. application)
or agent or other controlling software (e.g. in the operat-
ing system of the UE) in the UE (e.g. handset) it may be
possible to control the behaviour (e.g. configuration of
the UE) of the UE. This allows the SSON engine 406 and
hence the operators to perform per user optimization of
the network for optimizing the user experience of a UE
414a.

[0075] The SSON engine 406 includes optimization
modules 406a-406n that are configured to optimise the
telecommunication network 400 at the user level without
affecting other users in the same location doing the same
service. Each optimization module 406a-406n may be
used to optimise the user experience for one of the UEs
414a-414n. Traditional telecommunication network opti-
mization using SON 402 and OSS 404 implementing the
3GPP user cases as previously described only optimise
the overall telecommunication network 400 at the net-
work level. The SSON engine 406 is focused on optimiz-
ing the user experience and performance for a user of a
UE 414a rather than the overall telecommunication net-
work 400. This allows operators to perform action(s) for
a particular user's UE 414a at, by way of example only,
a location, service and/or user level without having to
impact other users.

[0076] The SSON engine 406 includes user analytics,
optimization, and operation functionality that are com-
bined and for building user profiles of users based on
communications data associated with the UE of each us-
er, analysing the user profiles and communications data
to identify potential performance issue(s)/problem(s) as-
sociated with the UE of each user, optimizing the per-
formance of the UEs using determined actions/respons-
es and repeating this process to further optimise the user
experience.

[0077] Each user profile specifies actions/responses
required for optimizing the user experience for a user of
a UE 414a when certain trigger conditions associated
with the use of the UE 414a are met.

[0078] The SSON engine 406 and/or the optimisation
modules 406a-406n may include one or more of the fol-
lowing functionality:

a) For each user, determine (or learn), from user
communications data associated with the user using
the UE 4144a, the user’s habits, location, routes, serv-
ices and/or performance issues/problems the user
experiences when their UE 414a connects/commu-
nicates over an operator’s network, and storing the
user communications data and associated informa-
tion by building, maintaining, updating this user in-
formation in a user profile for each user;

b) For each user, evaluate the performance is-
sue(s)/problem(s) associated with the UE 414a of
the user and causing the user to have a poor user
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experience based on the user communications data,
which may include, by way of example only, data
associated with performance counters, radio traces,
probe data or any other information available from
the network and other accessible databases about
the user using the UE 414a3;

c) For each user, determine a recommended optimi-
zation action/response to the performance is-
sue(s)/problem(s) associated with the UE 414a of
the user to mitigate and/or avoid the poor user ex-
perience i.e. optimize the user experience forthe UE
414a. The analytics engine may also specify the trig-
ger condition(s) associated with the UE 414a under
which the action(s)/response(s) will be executed to
mitigate and/or avoid the poor user experience
based on the status of the UE 414a. The action/re-
sponse may be addressed to one or more specific
network element(s) for modifying the configuration
for the UE 414a and thus modify the existing behav-
iour of the network in relation to the UE or the UE
itself. The optimization actions and associated per-
formance issue(s)/problem(s) are stored in the user
profile.

d) For each user, evaluate the user communication
data associated with the UE 414a in relation to the
one or more trigger condition(s). When the trigger
condition(s) are met in relation to an action/re-
sponse, the SSON engine 406 is configured to send
the action/response as a command to the specific
network element(s) and/or the UE to execute the op-
timization action/response; and

e) For each user, generate and/or build user profiles
based on all the above user information, e.g. user
communications data, performance issue(s)/prob-
lem(s) associated with the UE 414a of the user and
corresponding action(s)/response(s) for mitigating
and/or avoiding the performance issue(s)/prob-
lem(s) and optimizing the user experience.

[0079] Although the above functionality a)-e) may be
implemented serially, itis to be appreciated by the skilled
person that one or more of the functionalities a)-e) may
be performed concurrently or groups of functionalities
a)-e) may be performed serially and/or concurrently, or
any other combination thereof.

[0080] As an example, the user profile for a user may
include the following information: an identifier for the us-
er, e.g. International Mobile Subscriber Identifier (IMSI)
or International Mobile Equipment Identifier (IMEI); one
or more trigger condition(s) (e.g. a profile trigger) which
is a set of pre-conditions that need to be met before an
action/response is executed for modifying the configura-
tion for the UE to optimise the user experience. The pre-
conditions may include at least a particular location
and/or service information associated with the perform-
ance issue(s)/problems of the UE 414a; one or more per-
formance issue(s)/problem(s) of the UE 414a and expe-
rienced by the user of the UE 414a; one or more optimi-

10

15

20

25

30

35

40

45

50

55

13

sation action(s)/response(s) for each of the performance
issue(s)/problem(s) associated with the UE 414a of the
user; date and time when previous action(s)/response(s)
have been performed/executed; and/or results of those
previous action(s)/response(s) that have been executed.
[0081] Theabove functionalities a)-e) may be repeated
or performed continually on new user communication da-
ta associated with the user using the UE 414a and which
is fed back to the SSON engine 406 and/or the optimi-
zation modules 406a-406n for further enhancement of
the user profile as further performance issue(s)/prob-
lem(s) associated with the UE of the user may arise
and/or new optimisation action(s)/response(s) are deter-
mined and executed in relation to the UE 414a of the
user for further optimizing the user experience.

[0082] Figure5ais aschematic diagram of an example
SSON engine 500 corresponding to the same or similar
functionality of the SSON engine 400 of Figures 4a and
4b. In addition to the functionality described below, it is
to be appreciated that the SSON engine 500 may include
or implement one or more combination(s) of the function-
ality of the SSON engines 206 and 406 as described with
reference to Figures 1-4b.

[0083] The SSON engine 500 includes a performance
analysis engine 502, an optimization engine 504, an op-
eration engine 506, and a database 508. The perform-
ance analysis engine 503 is coupled to the optimization
engine 504, the operation engine 506 and the database
508, and vice versa. The SSON engine 500 may com-
prise computer-implemented functionality and may use,
for example, a server or a group of servers, and may be
coupled directly to the telecommunications infrastructure
400, and/or coupled to the telecommunications infra-
structure 400 via a conventional SON engine 402 and/or
OSS 404a-404d.

[0084] The performance analysis engine 502 may in-
clude computer-implemented functionality for identifying
UEs of users with performance issue(s)/problem(s). This
is achieved by performing user analytics on user com-
munication data associated with the UE 414a of a user.
The performance analysis engine 502 is configured
based on a set of input criteria and user communication
data, which may be defined by the operator or other users
of the SSON engine 500. For example, the set of input
criteria may define aspects or characteristics of the tel-
ecommunications network that may require optimizing at
the user level.

[0085] By way of example, the set of input criteria may
be set to a region of the telecommunications network
and/or time period that the SSON engine 500 should fo-
cus its optimization on. The performance analysis engine
502 may then analyse the user communication data as-
sociated with the region and set of inputs. The associated
user communication data for users within the region or
whom frequent the region within the time period is ana-
lysed or data mined to identify the users experiencing
one or more performance issue(s)/problem(s) associat-
ed with their UEs and thus causing a poor user experi-
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ence.
[0086] Inanotherexample, the setofinputs may simply
be to analyse all users of the telecommunication network.
Thus the SSON engine 500 should focus its optimization
on each user of the communications system. The per-
formance analysis engine 502 may then analyse the user
communication data associated with all the users in the
telecommunications network 400. Thus, all the user com-
munication data for the users in the telecommunications
network 400 is analysed or data mined to identify the
users experiencing one or more performance is-
sue(s)/problem(s) associated with their UEs and thus
causing a poor user experience.

[0087] As another example, a user such as an optimi-
zation engineer decides that the telecommunications
network on a route from London to Newbury needs to be
optimized. The SSON engine 500 configures the per-
formance analysis engine 502 to evaluate the perform-
ance of UEs for all cells along the route. This may be
performed using network topology information (e.g. flat
file input), the OSS configuration, the performance KPls
from OSS and the output from the traces enabled for this
specific route which will provide a set of user information
or user communication data associated with the corre-
sponding UEs to understand their communications prob-
lems, performance and/or user experience.

[0088] Although the above examples relate to particu-
lar regions or routes travelled by users and their associ-
ated UEs, it is to be appreciated by the skilled person
that other examples may include where the communica-
tions data or input does not relate to a particular region
or route, but instead to other parameters than may indi-
cate or require improvement. For example, the commu-
nication data may include one or more KPIs that may
need to improved and used to find a group of UEs or
corresponding UEs that require their performance ana-
lysed and improved based on the KPls. For example,
certain call counters (e.g. dropped calls, missed calls
etc.) may be analysed for finding a group of UEs expe-
riencing KPIs that indicate poor communication perform-
ance, performance issues, and/or poor user experience.
For example, a high number of dropped calls, not linked
to an area but to a KPI may be analysed to determine
the group of UEs or corresponding UEs etc.

[0089] Asanother example, other communication data
such as customer relationship management (CRM) in-
formation may be used to assist in determining a specific
set of customers or users (e.g. VIPs or premium custom-
ers or users, customers providing a large Average reve-
nue Per User; corporate customers with a large pool of
UEs being used by their employees etc.) that are to be
analysed for understanding the communications prob-
lems, performance and/or user experience for the corre-
sponding UEs.

[0090] Once allthe user communication data has been
collected, the user communication data may be ranked
and filtered by service and user to identify which users
are experiencing poor service performance and thus a
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poor user experience. Once the user communications
data has been processed, the performance analysis en-
gine 502 will have a list of users and their UEs that have
been or are experiencing performance issue(s)/prob-
lem(s) along with the key radio information for determin-
ing the cause of the performance issue(s)/problem(s).
[0091] The optimization engine 504 may include com-
puter-implemented functionality for identifying one or
more action(s)/response(s) corresponding to each of the
UEs of users with performance issue(s)/problem(s). On
identifying the UEs of users with performance is-
sue(s)/problem(s), the optimization engine triggers the
collection of further communication data for the UE of
each user. This includes performing detailed tracing of
the UEs of users and network elements and/or network
cells that have been identified causing performance is-
sue(s)/problem(s) to the UEs of the users. The detailed
tracing generates further user communication data for
the UE of each user, which allows the optimization engine
504 to build a historical view of the performance is-
sue(s)/problem(s) for the UE of each user.

[0092] Once the optimization engine 504 has gathered
sufficient information, the optimization engine 504 eval-
uates the further user communication data for the UE of
each user and determines one or more proposed optimi-
zation action(s)/response(s) associated with the identi-
fied performance issue(s)/problem(s) for the UE of each
user. Once the action(s)/response(s) is identified the op-
timization engine 504 updates the user profile for the user
with the proposed optimization action(s)/response(s),
whichincludes data representative of the specific desired
action(s)/response(s) and the corresponding trigger
point(s) for executing the action(s)/response(s).

[0093] The operation engine 506 may include compu-
ter-implemented functionality for identifying when and
how to execute the one or more action(s)/response(s)
for mitigating or avoiding the performance issue(s)/prob-
lem(s) for the UE of the user. The operation engine 506
is configured to access detailed user communication data
and information associated with the UEs of users having
performance issue(s)/problem(s) (e.g. users with poor
performance experiences). The operation engine 506
evaluates the detailed user communication data to de-
termine the various trigger parameters such as, by way
of example only and not limited to, location of the UE in
real time, service information associated with the UE in
real time, communication conditions of the UE in real
time, configuration of the UE in real time, and/or user
experiences of the user using the UE in real time. When
the trigger parameters for the UE of the user meet the
conditions defined by the trigger point(s) the operation
engine 506 will command the associated network ele-
ment/component and/or command the UE to perform the
action(s)/response(s) for specifically modifying the con-
figuration of the UE to mitigate or avoid the corresponding
performance issue(s)/problem(s) for the UE.

[0094] The performance analysis engine 502, optimi-
zation engine 504 and operation engine 508 store the
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collected user communication data for the UE of each
user and the evaluated results for the UE of each user
in a user profile for the user. The user profile for the user
may include the following information: an identifier for the
user, e.g. International Mobile Subscriber Identifier (IM-
Sl) or International Mobile Equipment Identifier (IMEI);
one or more trigger point(s)/condition(s) which is are a
set of pre-conditions that need to be met before an ac-
tion/response is executed for modifying the configuration
for the UE to optimise the user experience, where the
pre-conditions may include at least a particular location
and/or service information associated with the perform-
ance issue(s)/problems of the UE; one or more perform-
ance issue(s)/problem(s) of the UE and experienced by
the user of the UE; one or more optimisation action(s)/re-
sponse(s) for each of the performance issue(s)/prob-
lem(s) associated with the UE of the user; date and time
when previous action(s)/response(s) have been per-
formed/executed; and/or results of those previous ac-
tion(s)/response(s) that have been executed; user com-
munication data for the UE of the user. Although the user
profile of the user has been described in relation to one
UE, it is to be appreciated that a user may have more
than one UE and that the user profile of a user may store
data associated with more than one UE. For example,
the user profile of the user may be identified by a user
identifier and the remaining data associated with each
UE may be stored under a UE identifier.

[0095] The SSON engine 500 stores the user profile
of each user having performance issue(s)/problem(s),
which enables the SSON engine 500 to store and learn
the historical behaviour of the UE of the user over time.
Each action/response performed can be evaluated by
the performance analysis engine 502, optimization en-
gine 504 and operation engine 506 to determine whether
the identified performance issue(s)/problem(s) for the UE
of the user have been resolved, mitigated or avoided. If,
based on the evaluation, they have, then the correspond-
ing action(s)/response(s) are stored in the user profile
for the user allowing the UE of the user to avoid the per-
formance issue(s)/problem(s). However, if one or more
identified performance issue(s)/problem(s) persist after
executing the corresponding action(s)/response(s), then
the optimization engine 504 evaluates further user com-
munication data for the UE of the user to identify one or
more further action(s)/response(s) for mitigating and/or
avoiding the corresponding performance issue(s)/prob-
lems for the UE of the user. The SSON engine 500 may
be configured to perform one or more of the functions of
the performance analysis engine 502, optimization en-
gine 504 and/or operation engine 506 for optimizing the
user experience for the UE of each user and for main-
taining an optimal user experience for the UE of each
user.

[0096] Figure 5b is a schematic diagram of another
example SSON engine 500 corresponding to the same
or similar functionality to the SSON engines with respect
to figures 2-5a. In addition to the functionality described
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below, it is to be appreciated that this example SSON
engine 500 may include or implement one or more com-
binations of the functionality of the SSON engines as
described with reference to Figures 1-5a.

[0097] Inthis example, the SSON engine 500 includes
performance analysis engine 502, optimisation engine
504, operation engine 506, and database 508, which
communicate with each other to form an optimisation
feedback structure or loop for optimising the telecommu-
nications network infrastructure 510 (or network infra-
structure) in relation to one or more group(s) of users and
thus optimising the user experience in relation to the one
or more group(s) of users and corresponding UEs. The
SSON engine 500 may comprise computer-implemented
functionality and may use, for example, a server or a
group of servers, and may be coupled directly to one or
more elements of the telecommunications infrastructure
510.

[0098] Although the following description with respect
to figures 5b-6¢, may by way of example only, describe
the functionality of the performance analysis engine 502,
optimisation engine 504, operation engine 506, and da-
tabase 508, it is to be appreciated by the skilled person
that the functionality and/or method steps and features
of each of the performance analysis engine 502, optimi-
sation engine 504, operation engine 506, and/or data-
base 508 may be implemented separately and/or in com-
bination with one or more other functionality and/or meth-
od steps and features of these engines the performance
analysis engine 502, optimisation engine 504, operation
engine 506, and/or database 508. It is also to be appre-
ciated that the functionality of each of and/or or one or
more of the performance analysis engine 502, optimisa-
tion engine 504, operation engine 506, and database 508
may be implemented in a centralised fashion on a com-
puting device, and/or the one or more servers, network
elements or devices in a centralised manner and/or a
distributed manner.

[0099] The telecommunications infrastructure 510 in-
cludes, by way of example only but is not limited to, one
or more elements such as a core operator network 511,
one or more conventional SON(s) 512, one or more
OSS(es) 514a-514c, one or more radio access net-
work(s) 516 such as, by way of example but not limited
to, one or more pico and/or femto cell access point(s),
one or more Wi-Fi access point(s), one or more of 2-4G
or beyond radio network controllers such as, by way of
example but not limited to one or more BSC(s), one or
more RNC(s), one or more MME(s), one or more of 2G-
4G or beyond cellular access points such as, by way of
example but not limited to, one or more eNodeB(s), one
or more NodeB(s), one or more base station(s) (BTS(s))
and the like, and/or UEs 518 of the plurality of users.
[0100] A user may include, by way of example only but
is not limited to, a user associated with a UE 518, a sub-
scriber associated with a UE 518, and/or customer as-
sociated with the UEs 518. Itis noted that a user of a UE
518 may be different from the subscriber and/or customer
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of the same UE 518. For example, a user may be an
employee of acompany that is allowed to use a UE, while
the company may be a customer or subscriber of a tel-
ecommunications operator that provides services for one
ormore UE including the UE ofthe employee. This means
that while the employee is a user associated with the UE
the company is also a subscriber or customer associated
with the UE used by the employee.

[0101] Asdescribed above, the conventional SON 512
includes functionality thatdefines various SON use cases
(e.g. Automatic Neighbour Relation (ANR), Coverage
and Capacity Optimization (CCO), Mobility Load Balanc-
ing (MLB), Mobility Robustness Optimization (MRO) etc.)
for 4G networks such as LTE (Long Term Evolution) net-
works. However, conventional SON 512 is only capable
of optimising the telecommunications infrastructure 510
down to the cell level or radio access network 516 level
and no further. Thus, any conventional SON 512 optimi-
sation that is directed to one or more users will cause an
entire cell or radio access network 516 to be adjusted,
which will most likely adversely affect other users of the
same cell or radio access network 516.

[0102] The SSON engine 500 includes functionality
502-508 that allows a telecommunications operator to
optimise the telecommunications infrastructure 510
down to the user/customer and/or user group level with-
out affecting other users in the same cell, radio access
network 516, same location and/or using the same tele-
communications service. SSON 500 analyses a wider
range of user data or user communication data 520 and
527 including data representative of communication per-
formance related data, location and service related data,
and data associated with user behaviour, user preferenc-
es, historical user data, and also current or past optimi-
sation strategies (e.g. from optimisation engine 504)
and/or operations (e.g. from operations engine 506) per-
formed on the telecommunications infrastructure 510 as-
sociated with one or more of the plurality of users. The
user communication data 520 and 527 includes user
communication data 520 received from sources in the
telecommunications network infrastructure 510 as well
as user communication data 527 received from the opti-
misation engine 504, operations engine 506 and/or da-
tabase 508, or a combination thereof.

[0103] Receiving as much user communication data
520 and 527 as possible that is associated with the plu-
rality of users communicating over the telecommunica-
tions infrastructure 510 allows an operator system to an-
alyse, determine actions/strategies, perform and/or ex-
ecute those actions/strategies in real time at the user or
user group level to improve communication performance
for one or more groups of users affected by a communi-
cation performance issue without impacting other users
or groups of users.

[0104] At the beginning of the "optimisation feedback
loop" of the SSON engine 500 is the performance anal-
ysis engine 502, which receives user communication da-
ta 520 and 527 associated with one or more of the plurality
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of UEs 518 of the plurality of users. The performance
analysis engine 502 analyses the user communication
data 520 and 527 to identify and categorise the plurality
of users into one or more user group(s) that are experi-
encing poor user experience, communication problems
and/or performance issues with their associated UE. A
user group may include, by way of example but is not
limited to, one or more of the plurality of users and/or
may include a set of users of the plurality of users that
are experiencing the same or similar user experience,
communication problems, and/or performance issues
and the like. If left unchecked, this may lead to worsening
or poor user experience for those users of the identified
user group and may increase churn and user dissatis-
faction.

[0105] As well, the performance analysis engine 502
may also store user profile data representative of the
identified and/or categorised one or more groups of users
and associated current or past optimisation strategies
and/or operations performed on the telecommunications
infrastructure 510 in database 508 for future reference
by the optimisation engine 504. This may also include
user data for storage for future reference, i.e. historical
user data. For example, this may allow the optimisation
engine 504 to take into account, for each of the identified
groups of users, previous successful/unsuccessful opti-
misation strategies when forming an optimisation strat-
egy for each of the identified groups of users output by
the performance analysis engine 502 to the optimisation
engine 504.

[0106] Itis to be appreciated by the skilled person that
the performance analysis engine 502 may continue to
receive new or further user communication data 520
and/or 527 associated with the plurality of users and/or
their UEs 518 during or after the performance analysis
engine 502 has sent the analysis result data 522 to the
optimisation engine 504 and/or the user profile data 521
to the database 508. The new user communication data
and information is fed into the optimisation feedback loop
of the SSON engine 500 for further optimising the per-
formance of the telecommunication infrastructure 510 in
relation to one or more further identified and categorised
groups of users.

[0107] The optimisation engine 504 receives the anal-
ysis result data 522 from the performance analysis en-
gine 502, which includes data representative of the iden-
tified and categorised one or more groups of users and
associated UE experiencing communication perform-
ance issues. As well, the optimisation engine 504 may
also receive user profile data stored in database 508 in
one or more user profiles, which may include past suc-
cessful/unsuccessful optimisation strategies and/or his-
torical user data associated with one or more of the users
of the identified groups of users received in the analysis
result data 522. The optimisation engine 504 uses the
identified and categorised groups of users, user profiles,
and/or past successful/unsuccessful optimisation strat-
egies to determine, for each of the identified groups of
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users an optimisation strategy for adjusting the telecom-
munications infrastructure 510 withoutimpacting the per-
formance of other users.

[0108] The optimisation engine 504 outputs optimisa-
tion data 525 representative of one or more of a group
of optimisation strategies for each of the identified one
or more groups of users to the operation engine 506. The
operation engine 506 receives the optimisation data 525
and determines the appropriate commands for executing
the optimisation strategies, in which the execution data
526 comprising data representative of the commands
and/or instructions is directed towards the telecommuni-
cations infrastructure 510 (e.g. SON 512, OSS 514a-
514c, radio access network(s) 516, and/or UEs 518) for
adjusting and optimising the related network elements
(e.g. SON 512, 0SS 514a-514c, radio access network(s)
516), and/or adjusting and optimising the UEs 518 in re-
lation to the identified or targeted one or more groups of
users.

[0109] The optimisation engine 504 may also output
database optimisation data 528 representative of the one
or more of the group of optimisation strategies, and/or
unsuccessful or successful optimisation strategy(ies)
and/or actions associated with each of the users and cor-
responding profiles. The database 508 may receive the
database optimisation data 528 and updates 523 the cor-
responding profiles with the optimisation strategy(ies),
unsuccessful/successful  optimisation  strategy(ies),
and/or action(s) associated with the unsuccessful/suc-
cessful optimisation strategy(ies) in relation to the users
and/or the targeted group of users.

[0110] For example, in the operation engine 506, the
execution data 526 comprising data representative of the
actions, commands and/or instructions that are directed
towards parts of the telecommunications infrastructure
510 may configure those parts of the telecommunications
infrastructure 510 to modify or adapt the configuration of
the UE(s) 518 of the targeted group of users. Those parts
of the telecommunications infrastructure 510 may be
configured by the execution data to either a) send a cor-
responding configuration message towards one or more
of the UEs 518 of the targeted group of users for modi-
fying the configuration of those UEs 518 of those users
and thereby executing the command(s) and mitigating
and/or avoiding the performance issue/problem for the
UE(s) 518 of one or more users of the targeted group of
users; or b) execute the command message(s) to modify
or control the configuration of the UEs 518 of the targeted
group of users from that part of the telecommunication
infrastructure 510 to mitigate and/or avoid the communi-
cation performance issue/problem for the one or more
UEs 518 of the target group of users; or c) execute the
command message(s) to modify or control the configu-
ration of the UEs of the targeted group of users by mod-
ifying the configuration of the that part of the telecommu-
nication infrastructure 510 in relation to the target group
of users to mitigate and/or avoid the performance is-
sue/problem for the UEs 518 of the targeted group of
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users.
[0111] The operation engine 506 also feeds back op-
eration data 527 representative of the actions, com-
mands and/or instructions associated with the optimisa-
tion strategies, and/or the optimisation strategies, ap-
plied to the telecommunications infrastructure 510 to-
wards the performance analysis engine 502, which is re-
ceived as user data or user communications data 520
and 527. The performance analysis engine 502 contin-
ues to receive and analyse the user communication data
520 and/or 527 being received from the telecommunica-
tions infrastructure 510 and/or operations engine 506 for
input to the optimisation feedback loop of the SSON en-
gine 500.

[0112] Figure 5cis a schematic diagram of an example
performance analysis engine 502 for use in the example
SSON engine 500 as described in figure 5b. Convention-
al SON 512 does not have the capability or functions for
analysing the user communication data 520 and 527 at
a user level. The user communication data 520 and 527
may include datarepresentative of user, customer and/or
service experience of one or more groups of users. The
user communication data 520 may be collected from mul-
tiple sources in the telecommunication network infra-
structure 510 and assessed, by the performance analysis
engine 502, using measurable indicators for character-
ising the communications performance of the telecom-
munication network 510 at the user level.

[0113] The performance analysis engine 502 includes
functionality that analyses the user communication data
in relation to, by way of example only but not limited to,
user and/or customer experience from various perspec-
tives using, by way of example only but not limited to,
KPIs (Key Performance Indicators) that allow the identi-
fication of specific situations (e.g. problems in the radio
access network(s) 516 or poor user experience for one
or more group(s) of users) to one or more specific us-
er(s)/customer(s) or group(s) of users. The performance
analysis engine 502 performs user/customer and service
level characterisation down to the user level rather than
only using network traces and KPls at the cell level as is
done in conventional SON 512.

[0114] The user communication data 520 received
from the telecommunications network infrastructure 510
includes data that is received from different sources for
analysing and to determine/understand certain patterns
in the user/customer and service behaviour and/or habits
of groups of users, which allows identification and cate-
gorisation of one or more groups of users that have com-
munications performance issues that need to be ad-
dressed.

[0115] The performance analysis engine 502 may re-
ceive user communication data 520 from the telecom-
munications infrastructure 510, which may include user
communication data 520 received of various types and
from various sources of the telecommunications infra-
structure 510 such as, by way of example only but it not
limited to:
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¢ Network Trace data (e.g. from OSS) associated with
one or more telecommunication network/infrastruc-
ture technologies such as, by way of example but
not limited to, radio access networks 516 such as
2G/3G/4G RAN and/or Heterogeneous Networks;

e Performance monitoring (PM) data or statistics data
(e.g. from OSS and/or PM files, reports and/or data)
associated with one or more telecommunication net-
work/infrastructure technologies such as, by way of
example but not limited to, radio access networks
516 such as 2G/3G/4G RAN and/or Heterogeneous
Networks;

e Configuration Management (CM) data (e.g. from
0SS, and/or CM files, reports and/or information
from inventory tools) associated with one or more
telecommunication network/infrastructure technolo-
gies such as, by way of example but not limited to,
radio access networks 516 such as 2G/3G/4G RAN
and/or Heterogeneous Networks;

e Drive testdata and/or measurements including drive
testdata representative of drive testing by measuring
and recording sets of received signal strengths from
one or more transmitters associated with network/in-
frastructure technologies such as, by way of example
but not limited to, radio access networks 516 such
as 2G/3G/4G RAN and/or Heterogeneous Networks;

*  Probes and/or call traces data;

e Customer Care data and/or customer relationship
management data such as open tickets (e.g. com-
plaints) associated with users (e.g. users, subscrib-
ers and/or customers) associated with UEs 518 be-
ing analysed;

¢ Common User Repository data from core elements
such as, by way of example only but not limited to,
Home Subscriber Server (HSS) or Home Location
Register (HLR) and/or any other core element or
node and/or operator billing system thatincludes da-
ta representative of the user, subscriber and/or cus-
tomer information such as, by way of example only
but not limited to, company, tariff, type of customer,
user, subscriber, etc.

¢ Real time measurement data; and/or

¢ Communications/performance related data from fu-
ture information sources associated with communi-
cations and/or performance of the infrastructure net-
work 510 and/or UEs 518 of the plurality of users.

[0116] In order for the performance analysis engine
502 to receive the user communications data 520 from
the telecommunications infrastructure 510, the perform-
ance analysis engine 502 may be configured to interface
with one or more of the different sources or systems that
generate the different types of user communication data
520 as described, by way of example but not limited to,
the above bulleted list. For example, the performance
analysis engine 502 may be configured to interface to all
the different systems and/or sources producing the re-
quired communications data or information for retrieving
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the user communications data 520.

[0117] Although it is described that the performance
analysis engine 502 may require an interface to all the
different systems/sources of the user communication da-
ta 520, it is to be appreciated by the skilled person that
one or more of these interfaces may be optional for a
given implementation of the SSON engine 500. Further-
more, it may be that the interfaces between existing el-
ements and sources are modified so thatdirectinterfaces
are not necessary, rather the user communications data
520 for each source might be retrieve indirectly via other
interfaces. For example, rather than implement new in-
terfaces to each of the different RANs 516 or different
OSS system 514a-514c for directly retrieving the asso-
ciated user communications data 520, it may that an ex-
isting interface between an OSS 514a and a SON 512
is modified so that the required user communication data
520 associated with the RANs 516 is indirectly retrieved
via SON 512 and passed to the performance analysis
engine 502.

[0118] The performance analysis engine 502 may in-
clude a selection unit 530 for selecting and/or target one
or more groups of users for whom the communication
performance is going to be analysed. The selection unit
530 may include an interface such that the selection may
be manually entered by an operator of the SSON engine
500. For example, customer relationship management
may have relayed a complaint associated with a group
of users, such that the operator users the selection unit
530 to select or target the performance analysis engine
502 to perform an analysis on this specific group of users
using the received user communications data 520 and
527.

[0119] Additionally or alternatively, the selection unit
530 may include one or more performance identification
algorithms and/or modules that may perform a proactive
analysis and/or data mining operations on the user com-
munications data 520 and 527 thatis received for target-
ing or selecting one or more groups of users. For exam-
ple, from this one or more groups of users that have spe-
cific communication problems or issues may be deter-
mined, identified (selected and targeted) and categorised
to form analysis results data 522. For example, the per-
formance analysis engine 502 may, using one or more
of the performance identification modules, analyse the
user communications data 520 received from the tele-
communications infrastructure 510 and determine the
grouping together of certain users that may share the
same or similar specific criteria such as communication
problems based on, by way of example only but not lim-
ited to, a telecommunications service, or an area or route
(e.g. cell area or route travelled by one or more users)
covered by the telecommunications network infrastruc-
ture 510, types of users, and/or types of UEs.

[0120] Itis to be appreciated by the skilled person that
the criteria for associating or grouping one or more users
into one or more groups of users may be varied and/or
vary over time, where each of the groups of users may
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define a certain user profile that may be based on service,
location, device, application being used, or any other cri-
teria in relation to one or more communication prob-
lem(s)/issue(s) associated with one or more users.
[0121] For example, one or more groups of users (e.g.
customers) may be selected and/or targeted based on,
by way of example only but not limited to: location or a
common location or route travelled by one or more users
(e.g. the users are all travelling from one location to an-
other location (e.g. London to Newbury)); types of serv-
ices orcommon services used by one or more users such
as, by way of example only, but not limited to, voice serv-
ices, video services, multimedia services, VolP services
or any other telecommunications services used by one
or more users; types of devices or UEs used by one or
more users, or types of components used by the UEs of
one or more users (e.g. the same type of devices or UE;
or a specific module or component of one or more UEs,
etc.); and/or types of users such as, by way of example
only but not limited to, low priority users, high priority
users, all users, users of a particular service or subscrip-
tion plan, privileged users etc.

[0122] Once one or more groups of users are selected
(or targeted) and identified by the selection unit 530, then
the collection unit 532 may collect the relevant user com-
munication data 520 for these selected groups of users.
As described above, the user communication data 520
is received from the telecommunications infrastructure
510 from various sources such as operator network 511
and one or more other systems (e.g. SON 512, OSS
514a-514c, RANs 516 and/or UEs 518 etc.) Additionally,
other user/customer/user group or service information
stored in the database 508 may also be received or input
for the analysis to be performed, where examples of this
additional other information can be, by way of example
only but not limited to, the location/area where the us-
ers/customers are, services the user/customer is paying
for, the device/s and/or UEs that the users are using,
their Average Revenue Per User (ARPU), whether the
users are VIP or privileged users or customers, or cor-
porate users or customers, etc.

[0123] Once enough user communication data 520
and/or additional other user information has been col-
lected an analysis unit 534 of the performance analysis
engine 502 is used to analyse the selected groups of
users and their user and service experiences, the anal-
ysis of which includes compiling different profiling details
(e.g. locations, services, devices being used) and per-
formance experiences and communications problems
being suffered.

[0124] For each selected group of users, there is still
a wealth of user communication data 520, thus with all
this information the user communication data 520 for the
selected group of users may be analysed by the analysis
unit 534 to determine or output one or more measureable
Key Performance Indicators (KPIs), which may be de-
fined (or predefined) that focus on one or more specific
communication situation(s)/problem(s) that can be iden-
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tified, prioritised and solved. The one or more measure-
able KPIs may be determined for each user in the select-
ed group of users. For example, different groups of KPIs
may be identified in terms of user experience such as,
by way of example but not limited to, a group of KPIs
associated with network performance fails (e.g. Drop Call
Rate DCR, Block Call Rate BCR, etc.) and a group of
KPls associated with poor user or service experience
(e.g. low throughput, high latency, high error rates, etc.).
Thus, different groups of KPIs will have a different im-
portance depending on the operator strategy and the
types of communication problem(s) that are prioritised to
be mitigated or solved. Additionally, depending on differ-
ent ranges of values for the defined KPlIs, different levels
of importance can be assigned to each of the defined
KPIs. This may be implemented as a weightbeing applied
to each of the defined KPIs. For example, a weight may
be set or assigned based on the level of importance of
the KPI.

[0125] A target selection unit 536 may receive ana-
lysed performance data for each selected group of users
from the analysis unit 534. For each selected group of
users, the analysed performance data may include, by
way of example only but is not limited to, the determined
KPIs associated with the selected group of users and/or
the determined KPlIs for each user of the selected group
of users. From this, one or more subgroups of users (or
certain user(s), one or more sets of users) of the selected
group of users may be identified, based on the associated
KPIs, to be experiencing one or more common specific
communication situation(s)/problem(s).

[0126] The one or more subgroups of users may be
scored, ranked and prioritised to enable efficient target-
ing of the most important or critical subgroup of users
experiencing one or more communication situa-
tion(s)/problem(s). This may involve assigning various
priorities and weights to the KPIs of the one or more sub-
groups of users. As described above, each KPI may be
assigned a weight according to the importance an oper-
ator or dynamic process assigns to the KPI. The KPIs
may be weighted according to different priorities, and
those weights can be either assigned manually by the
operator of the SSON engine 500 or even dynamically
allocated or determined by self-learning tools such as
machine learning tools that may apply LIFT type analysis
to optimise the weights etc. For example, LIFT is a meas-
ure of the performance of a particular selection of weight-
ed KPlIs in selecting targeted group of users at having an
enhanced response or improved communication per-
formance against a randomly selected group of users or
the average of the plurality of users. LIFT may be a ratio
of these concepts or values: i.e. proposed target com-
munication performance divided by the average commu-
nication performance when the proposed target is not
selected. This measure may be used to adjust the
weights of the KPls over a period of time. As an example,
machine learning approaches such as, by way of exam-
ple only but it not limited to, neural networks (e.g. self-
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learning neural networks) for adjusting the weights de-
pending on the potential outcome experienced by the
operator, user(s) of the UE(s) and/or both (e.g. the neural
network detects a pattern that when fixing voice problems
the churn rate of users reduces in a higher percentage
than when fixing data problems).

[0127] Thus, the resulting combined weighted KPIs for
each subgroup of users may be ranked and the topmost
ranked subgroup(s) of users may become the targeted
subgroup(s) of users. For example, target selection unit
536 may target, for each selected group of users, a cer-
tain user or a certain group of users highlighting a specific
communication problem associated with one specific
service or group of services based on the determined
measureable KPls, priorities and weights.

[0128] Additionally or alternatively, the target selection
unit 536, on receiving the analysed performance data for
each selected group of users from the analysis unit 534,
may determine one or more subgroups of users from the
selected groups of users based on the determined KPIs
associated with the selected groups of users and/or the
determined KPlIs for each user of the selected groups of
users. From this, one or more subgroups of users (or
certain user(s), one or more sets of users, a plurality or
multiple users) may be identified from the selected
groups of users based on the associated KPIs in which
users of a subgroup of users are experiencing one or
more common communication situation(s)/problem(s).
[0129] When there are multiple subgroups of users,
the multiple subgroups of users may be scored, ranked
and prioritised to enable efficient targeting of the most
important or critical one or more of the multiple subgroups
of users experiencing communication situation(s)/prob-
lem(s). This may involve assigning various priorities and
weights to the KPls of the multiple subgroups of users.
The KPlIs for each of the multiple subgroups of users may
be weighted according to different priorities, and those
weights can be either assigned manually by the operator
of the SSON engine 500 or even dynamically allocated
or determined by self-learning tools such as machine
learning tools that may apply LIFT type analysis to opti-
mise the weights etc. Thus, the resulting combined KPls
for each of the multiple subgroup(s) of users may be
ranked and the topmost ranked subgroup(s) of users of
the multiple subgroup(s) of users may become the tar-
geted subgroup(s) of users. Forexample, target selection
unit 536 may target, for all the selected groups of users,
a certain user or a certain group of users that highlights
a specific communication problem associated with one
specific service or group of services based on the deter-
mined measureable KPIs, priorities and weights.

[0130] As an example scenario, a selected group of
users for a particular neighbourhood or route has been
selected for the initial analysis. In the analysis, two com-
munication problems may be identified as occurring
along one specific route from one point to another point
of the neighbourhood. The first communication problem
may be associated with a first group of KPIs associated
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with high Voice DCR for a first subgroup of users, and
the second communication problem may be associated
with a second group of KPIs associated with poor
throughput (e.g. problems when using streaming servic-
es) for a second subgroup of users. Additionally, it is as-
sumed that these two communication problems are es-
pecially visible when the users are moving "at car speed".
[0131] The targetselection unit 536 will need to decide
which one of these problems should be addressed first.
That is the target selection unit 536 may score, rank and
prioritise the subgroup(s) of users based on the KPls
associated with each subgroup of users. For example,
the first group of KPIs may be weighted based on the
types of users in the first subgroup of users. For example,
users of a corporate customer may travel along the route
to some specific company facilities, thus if the corporate
customer is a major client of the operator or if there have
already been numerous complaints from users of the cor-
porate customer, then the first group of KPIs may be
weighted based on whether there are users from the cor-
porate customer in the first subgroup of users.

[0132] The second group of KPIs may be weighted
based on the type of devices used by users of the second
subgroup of users. For example, users of a specific high-
end handset or UE that has been sold and marketed by
the operator in a marketing campaign for which streaming
problems may be known, but if made public may damage
the operator brand image, may also be travelling along
the route. Thus, the second group of KPls may be weight-
ed according to the type of user device used by users of
the second group of users. Thus, the target selection unit
536 may make a decision depending on the ranking and
prioritisation of the first group of KPIs with the second
group of KPIs. For example, if the first group of KPIs be
ranked and prioritised to be higher than the second group
of KPlIs, then the target selection unit 536 may prioritise
fixing the Voice DCR along the route for the corporate
users travelling to one specific Company facilities over
the fixing of the steaming problems.

[0133] Again, different KPIs, priorities and/or weights
and optimisation tools could be manually entered into the
SSON engine 500 depending on the current strategy of
the operator. Additionally or alternatively, the SSON en-
gine 500 may be continuously monitoring and learning
which communication situation(s)/problem(s) and users,
groups of users, subgroups of users, and/or services
should be targeted sooner. For example, if after a period
of time to fixing the Voice DCR problems, the SSON en-
gine 500 detects that the number of user complaints de-
creases on this matter and/or the churn rate associated
to these users decreases accordingly, then the weights
associated with the first group of KPIs may adjusted such
that the first group of KPIs will be ranked higher than the
second group of KPIs. However, if it is determined after
a period of time that not fixing the streaming problems
for the high end handset users increases churn rate as-
sociated to these users and that user complaints increas-
es on this matter such that it may start impacting brand
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image of the operator, then the second group of KPlIs
may be adjusted to be ranked higher than the first group
of KPIs, such that the system starts fixing the streaming
problems associated with the second subgroup of users.
[0134] The target selection unit 536 identifies one or
more targeted subgroups of users that have been iden-
tified and classified as having one or more communica-
tion problem(s) (issue(s)). For these targeted sub-
group(s), a solution or optimisation strategy needs to be
identified for mitigating or eliminating the one or more
communication problem(s). For that purpose, the target
selection unit 536 of the performance analysis engine
passes analysis results data 522 including data repre-
sentative of the communication problem(s) and the sub-
groups of users identified and categorised to the optimi-
sation engine 504, which will determine a solution or op-
timisation strategy for improving the user/customer and
service experience associated with the targeted sub-
group(s) of users.

[0135] The performance analysis engine 502 also
passes user profile data 521 associated with the targeted
subgroups of users to the database 508. The user profile
data 521 that is passed may include information associ-
ated with the targeted subgroups of users describing the
communication situation(s)/problem(s) being experi-
enced, which is shared and stored in the database 508.
This forms a "history log" or historical user data that may
be used to assist in the SSON engine 500 making further
decisions and actions in the future. For example, the user
profile data 521 will be used as part of a profiling process
that enables the database 508 to store the historical in-
formation on communications situations/problems or
services being experienced by the targeted subgroups
of users. For example, a profile may be defined from the
user profile data 521 by certain corporate users having
voice performance problems in one particular town.
[0136] The SSON engine 500 includes a self-learning
process that will consider tools, algorithms and/or proc-
esses that can identify correlations/patterns between
groups of users, subgroups of users, services, location,
time of day, devices and/or components of UE(s) 518
etc., which are not capable of being manually made ap-
parent or visible to one or more operators of a SSON
engine 500.

[0137] The analysis result data 522 associated with
the targeted subgroup(s) of users is sent to the optimi-
sation engine 504, which will determine one or more op-
timisation strategies forimplementing by the telecommu-
nications infrastructure 510 that will target the user(s) of
the targeted subgroup(s) of users. These optimisation
strategies are passed as optimisation data 525 to the
operation engine 506, which will determine and execute
one or more actions based on the optimisation strategies
of the optimisation engine 504 to deal with the commu-
nication issue(s)/problem(s) of the targeted subgroup(s)
of users. After the change/action is implemented, and
executed by the operation engine 506, the optimisation
engine 506 will send user communication data 527 to the
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performance analysis engine 502 via the collection unit
532 so it can collect the optimisation strategies and op-
eration action information that have been implement-
ed/executed in relation to targeted subgroups of users.
This allows the performance analysis engine 502 to an-
alyse the new situation after the changes brought about
by the optimisation strategies and operation action infor-
mation have been implemented.

[0138] If the changes resulted in, by way of example
only but not limited to, a service or user experience im-
provement, the performance analysis engine 504 will up-
date the database 508 by incorporating this data in the
user profile data 521 in which the associated profile(s)
related to the users in the database 508 will include data
representative of the optimisation strategies and/or as-
sociated actions being successful (e.g. a"lesson-learnt").
However, if the changes do notresult in an improvement,
the performance analysis engine 504 will still update the
database 508 by incorporating this data in the user profile
data 521 in which the associated user profile stored in
the database 508 will include data representative of the
optimisation strategies and/or actions being unsuccess-
ful. The profile associated with the user(s) with this data
may be communicated from database 508 to the optimi-
sation engine 504 so that the "lessons learnt" are as-
sessed and/or, if necessary, alternative solutions or op-
timisation strategies and actions are assessed to try and
solve the specific communications problem(s) for one or
more further targeted subgroups of users.

[0139] Figure5dis aschematic diagram of an example
database and/or server 508 for use in the example SSON
engine 500 as described in figure 5b. The term database
is used here but it will be appreciated from the described
functionality that the system does not function as a tra-
ditional database or datastore that merely stores data to
be accessed by another entity. The terms data controller,
data engine, controller, controlling entity or mediator are
example terms that could be representative of the same
entity. What is key, as will be understood, is the function-
ality of the entity rather than the terminology used. Al-
though a database 508 is described herein, this is for
simplicity and by way of example only, and it is to be
appreciated by the skilled person that the functionality of
the database 508 may be implemented on or by, by way
of example only but not limited to, one or more server(s),
computing device(s) and/or network element(s) and/or
associated storage, which may be implemented in, by
way of example only but not limited to, a centralised man-
ner and/or a distributed manneramongst the one or more
servers, network elements and other computing devices
of the telecommunication network infrastructure 510. For
simplicity the term database 508 or similar term will be
used herein for simplicity and by way of example only.
[0140] The performance analysis engine 502 may
identify and categorise targeted subgroup(s) of users and
their associated communication problem(s) for input as
analysis result data 522 to the optimisation engine 504.
In addition, the performance analysis engine 502 may



39 EP 3 269 164 B1

send the database 508 user profile data 521 based on
the analysis result data 522 and also operation data 527
associated with optimisation strategies and/or actions
performed for targeted subgroups of users. The database
508 may include the functionality of a profiling unit or
engine 540 for categorizing and profiling the user profile
data 521 received by the database 508 into one or more
profiles according with, by way of example only but not
limited to, user identifiers, repetitive user preferences,
user routines or user behaviours, optimisation strategies,
etc. This may enable the optimisation engine 504 to use
one or more profiles associated with users when target-
ing solutions or optimisation strategies towards those us-
ers in the targeted subgroup(s) of users that will best
benefit from improvements in user experience.

[0141] Although the profiling unit or engine 540 is de-
scribed, by way of example only, as being part of a da-
tabase 508, it is to be appreciated by the skilled person
that this is, by way of example only and is not limited to
being a part of the database 508. For example, the func-
tionality of the profiling apparatus, unit or engine 540 may
be implemented on or by, by way of example only but
not limited to, one or more server(s), computing de-
vice(s), network element(s) and/or associated storage
within the telecommunication network infrastructure 510,
which may be implemented in, by way of example only
but not limited to, a centralised manner and/or a distrib-
uted manner amongst the one or more server(s), network
element(s) and other computing device(s) of the telecom-
munication network infrastructure 510.

[0142] The profiling unit or engine 540 may receive us-
er profile data 521 from the performance analysis engine
502 based on the communications data 520, analysis
result data 522, database optimisation data 528 repre-
sentative of the one or more of the group of optimisation
strategies, and/or unsuccessful or successful optimisa-
tion strategy(ies) and/or actions associated with each of
the users and corresponding profiles, and also operation
data 527 associated with optimisation strategies and/or
actions performed for targeted subgroups of users, which
may include successful optimisation strategies and/or
actions and/or unsuccessful optimisation strategies
and/or actions. The profiling engine 540 may include
functionality for categorizing and profiling the user profile
data 521 received from the performance analysis engine
502 into one or more profiles according with, by way of
example only but not limited to, user identifiers, repetitive
user preferences, user routines or user behaviours, op-
timisation strategies, etc.

[0143] Although the profiling unit or engine 540 may
receive user profile data from the performance analysis
engine 502, it is to be appreciated that the profiling unit
540 may further include at least part or all of the func-
tionality of the performance analysis engine 502 for re-
ceiving communication data 520 for identifying and cat-
egorising targeted subgroup(s) of users and their asso-
ciated communication problem(s), and for receiving op-
eration data 527 associated with optimisation strategies
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and/or actions performed for the targeted subgroups of
users. Using this data, the profiling engine 540 may then
categorize and profile the targeted subgroups of users
into one or more profiles according with, by way of ex-
ample only but not limited to, user identifiers, repetitive
user preferences, user routines or user behaviours, op-
timisation strategies, etc. The profiling unit or engine 540
may also create and/or update 523 one or more profile(s)
in the database 508 for further use by the SON engine
500.

[0144] The optimisation engine 504 may feedback one
or more chosen or selected optimisation strategy(ies)
and/or successful/unsuccessful optimisation strategies
for each user of the targeted group(s) of users. The pro-
filing unit or engine 540 may also receive this feedback
data from the optimisation engine 504 in the form of da-
tabase optimisation data 528 comprising data represent-
ative of the one or more of the group of optimisation strat-
egies, and/or unsuccessful or successful optimisation
strategy(ies) and/or actions associated with each of the
users and/or targeted group(s) of users and their corre-
sponding profiles. On receiving this data, the profiling
unit and/or engine 540 may then create and/or update
523 the corresponding profiles with the optimisation strat-
egy(ies), unsuccessful/successful optimisation strate-
gy(ies), and/or action(s) associated with the unsuccess-
ful/successful optimisation strategy(ies) in relation to the
users and/or the targeted group of users.

[0145] For example, the profiling unit or engine 540
may include computer implemented functionality for re-
ceiving communication data associated with a plurality
of UEs 518 from the telecommunication network. The
profiling unit 540 may identify and categorize the plurality
of users into one or more groups of users or targeted
groups of users. From this identification and categoriza-
tion, the profiling unit 540 may generate one or more
profile(s) associated with the identified and categorized
plurality of users. Each of the profile(s) may include data
representative of a collection of information characteris-
ing each of the group(s) of users and/or targeted groups
of user. The generated profile(s) may be stored in appro-
priate storage in the network 510 for retrieval. For exam-
ple, profile information may be retrieved by the profile
unit 540 and sent, in response to a profile request asso-
ciated with one or more users or a targeted set of users,
one or more profile(s) for use in optimizing the user ex-
perience of the UEs associated with the one or more
profile(s). For example, the optimisation unit 504 may
request one or more profile(s) associated with one or
more users or a targeted group of users. Alternatively or
additionally, the profiling engine or unit 540 may be im-
plemented as a profiling apparatus or computing device
thatincludes a processor, memory and a communication
interface, the processor connected to the memory and
the communication interface, wherein the memory in-
cludes computer instructions stored thereon which, when
executed on the processor, causes the processor to per-
form any one of the functions or steps of the computer-
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implemented functionality or method(s) as described
herein in relation to profiling one or more users or gen-
erating profiles for one or more users or groups of users
as described with reference to figures 1-15.

[0146] A profile may comprise or represent data rep-
resentative of a collection of information characterising
oneindividual user or a group or set of one or more users.
A profile may comprise at least one from the following
groups of information:

1) one or more identifiers such as, by way of example
only but not limited to:

* MSISDN;

e IMS];

e Cell ID (current or set of cell IDs it's been con-
nected to);

e Device;

¢ Services booked;

e Tariff booked;

e  Customer Preference (i.e. no roaming is al-
lowed);

e Location using e.g. GPS or similar functions on
the mobile device

* User Preferences (i.e. setting in the core sys-
tems like roaming preferences; and/or

e  Others or future fields; and/or

* one or more identifiers of the UEs associated
with the group of users and/or targeted group of
users;

2) Routines/ habits identifiers, such as:

e Time of the day (morning, afternoon, night);

e Day of the week (Monday, Tuesday...etc.);

*  Week days;

* \Weekend;

e Services patterni.e. YouTube, Facebook, Voice
call duration routes i.e. work route (cells cover-
ing the specific route);

e Specific user behaviours and associated per-
formance impact, such as ping pong effect, al-
located resources but not needed, and the like;

e  Other or future fields; and/or

e one or more routines or habit identifiers of each
user using a UE in the group of users and/or
targeted groups of users; and/or

3) Performance/optimisation/operation identifiers,
such as:

¢ Information associated with details on perform-
ance experience such as, by way of example
only but not limited to, detecting a pattern that
will define a certain group of individuals experi-
encing the same kind of performance problem;
* Information associated with previously success-
ful/unsuccessful optimisation strategies (e.g.
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from the optimisation engine 504) that are as-
sociated with the profile;

¢ Information associated with actions implement-
ing such previously successful/unsuccessful
optimisation strategies (e.g. from operations en-
gine 506) that are associated with the profile;
and/or

e one or more performance, optimisation or oper-
ation identifiers associated with optimising the
user experience of the UE(s).

[0147] Although only some example profiles are de-
scribed herein, itis to be appreciated by the skilled person
that these described profiles are described herein, by
way of example only, and that criteria to build different
profiles can be varied and complex. Examples of profiles
that may be built or determined by the profiling unit or
engine 540 of the database 508 may be based on the
following:

[0148] Customer profile: A customer is a user that is
the owner of the SIM card and has a contract with the
mobile operator. This could be, by way of example only
but not limited to, a private person, an enterprise or cor-
poration, or a M2M service. Therefore the customer pro-
file considers, by way of example only but is not limited
to, services, functions, priorities which are valid for, by
way of example only but is not limited to, all users in the
same enterprise or having the same M2M contract. For
example, a customer profile may be a profile that is as-
sociated with a customerincluding a user thatis an owner
of one or more UEs and has an associated one or more
contract(s) with a mobile operator. The user or owner
may be an individual user, or a legal entity such as a
corporation or enterprise user.

[0149] User profile: A user may be an individual using
the device with the SIM card of the owner/customer. That
could be the same person in case of private customer/us-
er. But it is also possible that a user has a M2M or com-
pany SIM card with specific company services or func-
tions booked/selected by the customer. For example, a
user profile may include a profile that is associated with
anindividual user using a UE associated with a customer.
That customer may be the individual user and/or may be
another user and/or legal entity etc.

[0150] User Group profile: A usergroup could be con-
sidered as a group of users or people using a specific
service at that same time (e.g. gaming, Facebook usage
at a school; or football fans moving at the same time
towards a football stadium). For example, a user group
profile may be a profile that is associated with a group of
users using a common telecommunications service
and/or common devices or UEs.

[0151] Service requirements profile: Itis required to
identify a specific service and the requirements of the
service against the network. For example, a gaming serv-
ice requires a low ping time, so if the access network
optimises the ping time while having a lower data rate,
the user experience is much better (e.g. optimising QoS
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(Quality of Service) Class Identifier (QCI)). Examples on
service requirements canbe "realtime", "best effort”, "low
jitter", "low round trip time", etc. For example, a service
requirements profile may include a profile that is associ-
ated with a specific service and the requirements of that
service against the network, where the specific service
may be used by one or more of a group of users, a plurality
of users and/or targeted group of users.

[0152] Area profile: (rural/urban areas/suburban,
etc.) It is obvious that the services used are different de-
pending on the geographical area of, by way of example
only but not limited to, a cell site in the centre of a city
(e.g. London) compared with a cell site in a rural area.
Therefore, it would be beneficial if the access network
will be capable to optimise a specific cell site for the spe-
cificrequirements at thatlocation. Examples on definition
of locations where certain characteristics can be identi-
fied could be, by way of example only but is not limited to:

e Business areas: more mobile calls during a day;

e Home areas: more TV streaming in the evening;

e School areas: more YouTube or Facebook during
the school hours;

e any other area or region based on common user ac-
tivities, behaviour or communications behaviour
amongst one or more users and their associated
UEs.

For example, an area profile may include a profile that is
associated with one or more users using one or more
telecommunication service(s) and/or one or more com-
mon telecommunication service(s) in a geographical re-
gion, area, cell site and/or other location. Alternatively or
additionally, an area profile may include a profile that is
associated with one or more users using one or more
telecommunication service(s) and/or one or more com-
mon telecommunication service(s) in a geographical re-
gion, area, cell site and/or other location at a particular
time.

[0153] The profiing unit or engine 540 generates
and/or updates one or more profiles 540a based on user
profile data 521 input from performance analysis engine
502. For example, the database 508 may receive the
necessary input from the performance analysis engine
502 as user profile data 521. As described with reference
to figures 5b and 5c, the performance analysis engine
502 collects user communications data 520 and 527 (e.g.
all the user/customer and service SON relevant informa-
tion) from different sources in the telecommunications
infrastructure 510 such as, by way of example only but
not limited to, existing tracing tools or core elements such
as HSS, HLR, common user repositories or user/custom-
er neutral information from Charging Data Records
(CDRs) and the like, as well as optimisation/operations
data 527 from the optimisation/operation engines 504
and/or 506.

[0154] The performance analysis engine 502 after per-
forming its analysis, which may include applying dynamic
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configurable filters to the received user communications
data 520 and 527 will pass the filtered information as
user profile data 521 to database 508. Also after opera-
tions engine 506 applies any optimisation, the perform-
ance analysis engine 502 may receive further user com-
munication data 520 and/or 527 in which the new infor-
mation or updated information may also be past as user
profile data 521 to database 508.

[0155] The profiling unit or engine 540 may dynamical-
ly create profiles depending on the profile information
(e.g. user profile data 521) selected and available. The
profiling unit or engine 540 of the database 508 may in-
ternally process the received profile information (e.g. us-
er profile data 521) categorizing and profiling it. New en-
tries or data could be added in the identifiers, routines,
performance/optimisation/operations indicators follow-
ing feedback from existing or new functions such as a
performance analysis engine 502, optimisation engine
504 and/or operations engine 506. The profiling unit or
engine 540 may also receive from the optimisation en-
gine 504 database optimisation data 528 representative
of the one or more of the group of optimisation strategies,
and/or unsuccessful or successful optimisation strate-
gy(ies) and/or actions associated with each of the users
and corresponding profiles. The profiling unit or engine
540 may then update the corresponding profiles associ-
ated with the user and/or the targeted group of users.
[0156] The one or more profiles, due to the different
profiling/categorization, are input to the optimisation en-
gine 504 to target and improve communication perform-
ance of groups of users (e.g. specific user/user
group/customers) in various situations (e.g. specific ar-
eas/time/services/routes/day). After the operations en-
gine 506 applies any optimisation strategies using asso-
ciated actions, the performance/optimisation/operation
indicators of one or more associated profile(s) may be
updated so that the SSON engine 500 keeps learning.
[0157] The profiling unit or engine 540 of the database
508 allows the database 508 to dynamically store us-
er/customer performance and service requirements, cat-
egorize them, creating profiles and storing successful
and unsuccessful actions/profiles per user/customer and
service optimisation solutions and provide input of all the
necessary data to the optimisation engine 504 to improve
the associated user experience(s).

[0158] With the profiles, the database 508 may distin-
guish between customers, users and services. For ex-
ample, a customer could be, by way of example only but
is not limited to, a car developer with a specific M2M
requirements or a Bank with specific security require-
ments. The database 508 may also differentiate the serv-
ices and the user preferences. Further the behaviour of
a specific user group may be stored and used by the
database 508. For example, a user group could be, by
way of example only but is not limited to, visitors of a
football game. User groups may be configured to show
a similar behaviour as, by way of example only but it not
limited to, the users in the group moving at a similar time
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towards a common location (e.g. a stadium) or using sim-
ilar services.

[0159] Thedatabase 508 viathe profiling unit orengine
540 may also be configured to provide input 524 to the
optimisation engine 504 to provide successful and/or un-
successful optimisation strategies that have been per-
formed in the past. This may provide the advantage of
reducing the time required to perform or determine one
or more optimisation strategies by the optimisation en-
gine 504, as the optimisation engine 504 and the SSON
engine 500 does not need to spend unnecessary time
developing or determining successful or unsuccessful
strategies. For example, if an optimisation strategy was
previously successful, the database 508 may store data
representative of the optimisation strategy such as, by
way of example only but not limited to, the optimisation
algorithm and/or processes used and actions taken.
[0160] The database 508 may then be configured to
check if the same communication problem/situation oc-
curs that is being contemplated by the optimisation en-
gine 504. This is because the performance analysis en-
gine 502 may send the user profile data 521 to database
508 and also the analysis result data 522 to optimisation
engine 504 in which both sets of data outline a commu-
nication problem/situation for a targeted subgroup of us-
ers. Thus, if the database 508 determines and retrieves
one or more user profiles associated with the communi-
cation problem/situation and the targeted subgroup of
users, then these determined user profiles may be sent
to the optimisation engine 504 for use in determining an
optimisation strategy. For example, if one or more user
profiles include data representative of a successful opti-
misation strategy, then this strategy may be used by the
optimisation engine 504. On the other hand, if the one or
more user profiles include data representative of an un-
successful optimisation strategy, then these strategies
may be avoided by the optimisation engine 504.

[0161] Figure 5e is a schematic diagram illustrating an
example optimisation engine 504 for use with the SSON
engine 500 as described with respect to figure 5b. The
optimisation engine 504 is one of the key components of
the SSON engine 500 and is responsible for analysing
received analysis results data 522 from the performance
analysis engine 502 for overcoming the communication
situation(s)/problem(s) associated with the one or more
targeted groups of users (or targeted subgroups of us-
ers). The optimisation engine 504 may analyse different
optimisation strategies or approaches for each targeted
subgroup of users and make a decision or selection on
which optimisation strategy(ies) of the available options
may be applied to manage/optimise the communication
situation(s)/problem(s) associated with the targeted sub-
group(s) of users. The optimisation engine 504 may out-
put the decision as optimisation data 525 representative
of the selected optimisation strategy(ies) that the opera-
tions engine 506 should action and implement in the tel-
ecommunication infrastructure 510.

[0162] Theoptimisation engine 504 may also feedback
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the chosen/selected optimisation strategy(ies) to the da-
tabase 508, which may be output as database optimisa-
tion data 528 comprising data representative of the one
or more of the group of optimisation strategies, and/or
unsuccessful or successful optimisation strategy(ies)
and/or actions associated with each of the users of the
targeted group of users and corresponding profiles. The
database 508 may receive the database optimisation da-
ta 528 and updates 523 the corresponding profiles with
the optimisation strategy(ies), unsuccessful/successful
optimisation strategy(ies), and/or action(s) associated
with the unsuccessful/successful optimisation strate-
gy(ies) in relation to the users and/or the targeted group
of users.

[0163] In this example, the optimisation engine 504
may include an optimisation unit 542 that includes a plu-
rality of optimisation module(s) or algorithm(s) 542a for
determining from the received analysis result data 522 a
plurality of optimisation strategies or one or more optimi-
sation strategy(ies) that may be suitable for overcoming
the communication situation(s)/problem(s) associated
with one or more targeted groups of users (or targeted
subgroups of users). The optimisation engine 504 also
includes a solution unit 544 that receives the one or more
optimisation strategy(ies) and makes a decision using a
decision module 544c on the best one or more optimisa-
tion strategy(ies) that will most likely overcome of im-
prove the communication performance of the target sub-
group(s) of users. The chosen optimisation strategy(ies)
are sent as optimisation data 525 representing the cho-
sen optimisation strategy(ies) to the operations unit 506
for actioning to adjust the telecommunications infrastruc-
ture 510 and/or UEs 518 in relation to the target sub-
group(s) of users. The optimisation engine 504 may also
output from the decision module 544c database optimi-
sation data 528 representative of the chosen or selected
one or more of the group of optimisation strategies,
and/or unsuccessful or successful optimisation strate-
gy(ies) and/or actions associated with each of the users
of the targeted group of users. The database 508 may
receive the database optimisation data 528 and updates
523 the corresponding profiles associated with the users
or the targeted group of users with the optimisation strat-
egy(ies), unsuccessful/successful optimisation strate-
gy(ies), and/or action(s) associated with the unsuccess-
ful/successful optimisation strategy(ies).

[0164] The plurality of optimisation module(s) or algo-
rithm(s) 542a may include proprietary software or com-
puter implemented optimisation module(s), method(s)
and/or algorithm(s) and/or open source software or com-
puter implemented optimisation module(s), method(s)
and/or algorithm(s) such thatthe module(s) can be added
to the optimisation engine 504, as and when, to enable
the variety of possible optimisation strategies and/or ac-
tions that the system can provide and design to increase
and improve over time. Thus, the number of communi-
cation problems, user experience issues, performance
issues and the like that the optimisation engine 504 and
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the SSON engine 500 as a whole can overcome may
increase to cover an ever wider range of scenarios, sit-
uations, communication problems, user experience is-
sues, performance issues and the like. This also allows
the optimisation engine 504 and/or the SSON engine 500
to adapt to, by way of example but not limited to, future
changes in communication standards, telecommunica-
tions network infrastructure and user expectations.
[0165] In conventional SON 512, there is no process
that can decide which one of the possible available op-
timisation strategy(ies)/action(s)/method(s) may be used
to best handle the various communication situa-
tion(s)/problem(s). In conventional SON 512, the deci-
sion making is predefined, and there is no optimisation
engine 504 that may optimally decide the best ap-
proach(es) or optimisation strategy(ies) to manage each
different communication situation/problem. As previous-
ly discussed, conventional SON 512 are limited to com-
munication situation(s)/problem(s) at the cell-level and
the associated solutions/optimisation strategy(ies) are
fixed and limited to cell-level only changes for all users
within a cell. Typically, conventional SON 512 may be
able to identify some specific predetermined communi-
cation situation(s)/problem(s) (e.g. lack of a specific
neighbour relation), but the optimisation approach relies
on a 1:1 relation of predefined problems and solutions.
This means that for one communication problem identi-
fied (e.g. only at the cell level as the minimum granularity)
there is only one solution available that can be used to
adjust the configuration of a cell, which affects all the
users in the same cell in the same way.

[0166] The optimisation engine 504 of the SSON en-
gine 500 allows the operator to define and verify a set of
optimisation module(s)/algorithm(s) 542a that are used
by the optimisation unit 542a for optimising the commu-
nication performance of a target subgroup of users ex-
periencing one or more communication problem(s) with-
out affecting other users in, by way of example only but
not limited to, the same location, cell, and/or using the
same telecommunication service etc. Depending on the
implementation, an operator (or radio vendor) may in-
clude indications or tips on the best parameter changes
/ features to tackle one or more specific problems, and
rank them, for example, in terms of the number of network
resources needed to fix each problem. The SSON engine
500 and/or optimisation engine 504 may then learn in
terms of what optimisation strategies and/or actions can
provide a better outcome, based on experience gained
from previous situations and/or problems. The optimisa-
tion module(s)/algorithm(s) may define or bring to bear
different approaches/tools for solving the same or similar
kinds of communication situation(s)/problem(s) defined
or outlined by the analysis results data 522 of the per-
formance analysis engine 502. The optimisation unit 542
then provides one or more options of the possible opti-
misation strategy(ies) to a solution unit 544.

[0167] The solution unit 544 is configured to make a
decision to choose, among the possible optimisation
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strategy(ies) output by the optimisation unit 542, one or
more of the possible optimisation strategy(ies) that may
be applied by the operation engine 506 for improving the
communication performance of the target subgroup(s) of
users. For each of the possible optimisation strategy(ies)
determined for the targeted subgroup of users, the solu-
tion unit 544 analyses, by way of example only but is not
limited to, in a first optimisation analysis module 544a
the benefits that are to be expected and the communi-
cation resources that are expected to be adjusted and
consumed. The results of the first optimisation analysis
module 544a are provided to a decision module 544c.
[0168] The solution unit 544 may also include a second
analysis optimisation module 544a that receives profile
data 524 representative of a selection of one or more
profiles 524 from database 508. The database 508 may
detect and select which of the stored profiles 540a may
be associated with the communication situation(s)/prob-
lem(s) associated with one or more targeted subgroup(s)
of users. Alternatively or additionally, the optimisation en-
gine 504 may query the database 508 based on the com-
munication situation(s)/problem(s) associated with one
or more targeted subgroup(s) of users and/or the target-
ed group(s) of users to retrieve one or more selections
of profiles that may be similar to previous communica-
tions situation(s)/problem(s) and users. In any event, the
second analysis optimisation module 544a receives se-
lected profiles, which may include profile data represent-
ative of successful optimisation strategy(ies)/action(s)
and/or unsuccessful optimisation strategy(ies)/action(s)
(e.g. lessons learnt) associated with similar communica-
tion situations/problem(s). This profile data is also pro-
vided to the decision module 544c, which can use this
data to prune the possible optimisation strategy(ies) for
a target subgroup of users to the most likely or best op-
timisation strategy(ies) that willimprove the communica-
tion performance of the targeted subgroup(s) of users.
[0169] Alternatively or additionally to the second anal-
ysis optimisation module 544a receiving the profile data
524, the optimisation unit 542 may also optionally be con-
figured to receive profile data 524 (depicted by the
dashed profile data 524 line) representative of a selection
of one or more profiles 524 from database 508. This pro-
file data 524 may be used by the optimisation unit 542
to prune the possible optimisation strategy(ies) for a tar-
get subgroup of users to the most likely or best optimi-
sation strategy(ies) that will improve the communication
performance of the targeted subgroup(s) of users.
[0170] In any event, the decision module 544c, on re-
ceiving the required data from the first and/or second
analysis optimisation modules 544a and/or 544b, is con-
figured to choose (among the determined optimisation
options) the optimisation strategy(ies) and change(s)that
will fit the purpose of managing the communication situ-
ation(s)/problem(s) associated with the targeted sub-
group(s) of users. The decision module 544c of the so-
lution module 544 may be configured to choose among
those optimisation strategy(ies) (e.g. tools and actions)
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the best one or more optimisation strategy(ies) that may
finally be used to manage the communication situa-
tion(s)/problem(s) of the target subgroup(s) of users. The
decision module 544c of the solution module 544 may,
by way of example only but is not limited to, take into
account the following:

* Benefits expected from partially or totally fixing the
communication situation(s)/problem(s) affecting the
target subgroup(s) of users;

¢ Communication resources needed to implement the
chosen optimisation strategy(ies)/action(s);

*  Profile data 524 received from the database 508 in-
cluding, by way of example only but not limited to,
User/Customer/user groups and service profiles;

* Datarepresentative of the lessons learnt, which may
be part of the profile data 524. For example, if the
communication situation(s)/problem(s) are already
known or have been encountered before and an op-
timisation strategy (e.g. a specific tool/action) has
been successful in the past, then this may be one of
the best options to consider or start with. Conversely,
if the optimisation strategy has not been successful
in the past, then this optimisation strategy(ies) may
be considered not worthy for consideration, or one
of the lower priority options to consider;

e Self-learning tools to do correlations between spe-
cific communication situations or problems; and

* Potentialimpact on other users that are not targeted,
by way of example only but notlimited to, determining
whether less communication resources will be avail-
able for other users and how adversely impacted
these other users may be.

[0171] As an example, a Voice Drop Call Rate (DCR)
communication problem may have been identified for a
targeted subgroup of users that use iPhones (RTM). The
optimisation unit 542 may identify two different optimisa-
tion strategies/actions that may be taken to attempt to fix
the identified communication problem. A first optimisa-
tion strategy/action may fix 50% of the communications
problem, in which 50% of a certain amount of communi-
cation resources is used. The second optimisation strat-
egy/action may fix 60% of the communication problem,
but instead take 100% of a certain amount of communi-
cation resources. The first and second analysis optimi-
sation modules 544a and 544b on receiving the two op-
timisation strategies/actions may determine the expect-
ed benefits and the expected resources required, in
which a decision needs to be made by the decision mod-
ule 544c.

[0172] Furthermore, it could happen that the decision
module 544c, after weighing up the options, choses the
firstoptimisation strategy. However, after sending the op-
timisation strategy to the operations engine 506, which
implements it, the optimisation strategy is not successful
in fixing the communication problem. For example, the
decision module 544c may use a weighting method or
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approach and/or perform a cost-benefit analysis/ap-
proach by taking into account the pros and cons of each
optimisation strategy as positive and negative values,
and ranking to generate options for which optimisation
strategy(ies) to select or choose depending on the option
with the highest net score.

[0173] As discussed above, this kind of information is
stored in one or more profiles 540a of the database 508,
so that when the same existing communication problem
"re-enters" or is experienced by the the optimisation en-
gine 504, these associated one or more profiles 540a will
be sent to the optimisation unit 542 and/or solution unit
544 informing the optimisation engine 504 that the first
optimisation strategy was previously tried and was not
successful. This allows the number of possible optimisa-
tion strategies that may be generated to fix the commu-
nication problem to be pruned by removing the unsuc-
cessful first optimisation strategy or weighting the first
optimisation strategy such that it has a lower priority to
be chosen by the decision module 544c. Given this, the
decision module 544c on receiving the first and second
possible optimisation strategies may then select the sec-
ond optimisation strategy/action as the most likely opti-
misation strategy that will fix the communications prob-
lem. The second optimisation strategy/action may be
sent to the operations engine 506 for execution/imple-
mentation.

[0174] Figure 5f is a schematic diagram of the optimi-
sation engine 504 of figure 5e connected to the perform-
ance analysis engine 502, operation engine 506 and da-
tabase 508 of the example SSON engine 500 of figure
5b. As described, with reference to figure 5e, the optimi-
sation engine 504 performs an analysis of the commu-
nications situation/problem(s) for a targeted subgroup of
users to determine one or more optimisation strate-
gy(ies)/solution(s)/ action(s) that will most likely improve
the communication performance of the targeted sub-
group of users (e.g. mitigate or even fix the communica-
tion problem(s) associated with the targeted subgroup of
users).

[0175] The optimisation engine 504 may be configured
to receive analysis result data 522 from the performance
analysis engine 502 in which the analysis result data 522
output from 530-526 includes communication situa-
tion/problems associated with a identified and catego-
rised targeted subgroup of users (e.g. targeted user/cus-
tomer/user group or services), this may include all the
information that the performance analysis engine 502
has been collecting in relation to the targeted subgroup
of users. For example, the analysis result data 522 may
include, by way of example but not limited to, data rep-
resentative of the details of the communications perform-
ance being experienced by the targeted subgroup of us-
ers (e.g. user customer/user group or services). The op-
timisation engine 504 may be further configured to re-
ceive and/or retrieve profile data 524 from database 508,
in which the profile data may include data representative
of the detailed information on the profiles of the targeted
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subgroup of users (e.g. user/customer/user group or
services profiles) and in general, any useful information
(e.g. successful and/or unsuccessful optimisation strat-
egies that have been applied in the past) that would help
the optimisation analysis and decision making process
of optimisation unit 542 and solution unit 544 of the op-
timisation engine 504.

[0176] The optimisation unit542 of the optimisation en-
gine 504 may include multiple groups of optimisation
module(s)/algorithm(s) 542a-542¢c, which may operate
independently of each other and may have different
and/or multipurpose approaches. For example, one of
the groups of module(s)/algorithm(s) 542a may target
and/or optimise the communication performance of the
RAN 516 equipment in relation to the targeted subgroup
of users; another group of module(s)/algorithm(s) 542b
may target and/or optimise the communication perform-
ance of the core network 511 equipment and/or SON 512
and/or OSSs 514a-514c in relation to the targeted sub-
group of users; while a further group of module(s)/algo-
rithm(s) 542¢ may target and/or optimise the communi-
cation performance of UE and/or future products/UE in
relation to the targeted subgroup of users.

[0177] The multiple groups of module(s)/algorithm(s)
may allow the optimisation engine 504 to be scalable and
allow the SSON engine 500 and system to grow as further
requirements develop for targeting other aspects of the
telecommunication infrastructure (e.g. Heterogeneous
Network(s), etc.) that needs to be optimised in relation
to the targeted subgroup of users. Although each of the
groups of optimisation module(s)/algorithm(s) 542a-
542c are described as being directed or targeted to a
different part of the telecommunications infrastructure
510, itis to be appreciated by the skilled person that one
or more groups of the optimisation module(s)/algo-
rithm(s) 542a-542c may focus on multiple parts of the
telecommunications infrastructure 510 at the same time,
this may provide a joint optimisation approach to optimis-
ing the telecommunications infrastructure 510 in relation
to the targeted subgroup of users.

[0178] In any event, the optimisation unit 542 of the
optimisation engine 504 may be configured to execute
or run the different optimisation module(s)/algorithm(s)
542a-542c, which are programmable and can be adjust-
ed accordingly (e.g. by the operator), to determine one
or more different optimisation strategies (e.g. different
approaches) for use in attempting to mitigate, fix and/or
solve the communication situation(s)/problem(s) for the
targeted subgroup of users. Once the available optimi-
sation strategy(ies) (e.g. solutions) are identified by the
optimisation unit 542, a decision needs to be made, tak-
ing into account all the information that the performance
analysis engine 502 collected, plus any extra information
required and already stored as, by way of example only
but not limited to, profile data in the database 508.
[0179] Forexample, the solution unit 544 receives the
optimisation strategies output from the optimisation unit
542 and weighs the advantages and disadvantages of

10

15

20

25

30

35

40

45

50

55

28

each optimisation strategy taking into account the ex-
pected benefits, expected resources needed, related
profile data and previous successful/unsuccessful opti-
misation strategies that have been applied, as well as
otherinputs that may assistin the solution unit 544 choos-
ing one or more of the optimisation strategy(ies). The
solution unit 544 may use the above mentioned informa-
tion to weight and/or rank the optimisation strategies and
such that the first ranked optimisation strategy and/or the
topmost ranked one or more optimisation strategy(ies)
are selected for implementation by the operation engine
506.

[0180] Once one or more optimisation strategy(ies)
have been selected or chosen (e.g. there may be more
than one depending on the complexities of the commu-
nication problem(s)), then the selected optimisation strat-
egy(ies) are communicated to the operation engine 506
as optimisation data 525. For example, a unique optimi-
sation strategy may be selected by the optimisation en-
gine 504 and send to the operation engine 506, which
determines the required actions for performing the se-
lected optimisation strategy. If the selected optimisation
strategy does not perform as expected, or fails, i.e. the
user experience is not improved or optimised, then on a
second iteration through the optimisation loop, the opti-
misation engine 504 may select a second ranked optimi-
sation strategy for the operation engine 506 to perform,
and so forth. Thus, itis possible to have several iterations
before an optimisation strategy that works is found to
improve or optimize the user experience for each UE.
[0181] The optimisation engine 504 may feedback one
or more chosen or selected optimisation strategy(ies)
and/or successful/unsuccessful optimisation strategies
for each user of the targeted subgroup(s) of users to the
database 508 (and/or profiling unit or engine (not
shown)). The database 508 may receive feedback data
from the optimisation engine 504 in the form of database
optimisation data 528 comprising data representative of
the chosen or selected one or more optimisation strate-
gies, and/or also unsuccessful or successful optimisation
strategy(ies) and/or actions associated with each of the
users, and/or targeted subgroup(s) of users and/or cor-
responding profiles. On receiving this data, the database
508 may then create and/or update 523 the correspond-
ing profiles associated with the users and/or the targeted
subgroup(s) of users and the selected/chosen optimisa-
tion strategy(ies) for each user, unsuccessful/successful
optimisation strategy(ies) applied for each user, and/or
action(s) associated with the unsuccessful/successful
optimisation strategy(ies) in relation to the users and/or
the targeted subgroup(s) of users.

[0182] The operation engine 506 may receive the op-
timisation data 525 which includes data representative
of the selected optimisation strategy(ies) associated with
the targeted subgroup of users. The operation engine
506 is configured for implementing the optimisation strat-
egy(ies) associated with the targeted subgroup of users,
which includes executing actions/instructions or com-
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mands on parts of the telecommunication infrastructure
510 to implement the chosen optimisation strategy(ies)
associated with the targeted subgroup of users.

[0183] Note that it could happen that the decided or
selected optimisation strategy(ies) associated with the
targeted subgroup of users do not mitigate, alleviate or
solve the communication problem(s) or improve the user
experience associated with the targeted subgroup of us-
ers. Thus, on another round of optimisation through the
SSON engine 500, to avoid processing the unsuccessful
optimisation strategy(ies) again, the second ranked op-
timisation strategy(ies) and/or second set of topmost op-
timisation strategy(ies) may be selected/chosen. This
communication/optimisation information and behaviour
may be used to optimise the optimisation module(s)/al-
gorithm(s) 542a-542c and to learn from the previous de-
cision taken by storing the unsuccessful strategy(ies) as-
sociated with the communication problem(s) and target-
ed subgroup of users. As described above, the optimi-
sation engine 506 may also receive input profile data 524
from the database 508, which may categorise and store
historical communication/optimisation data such as suc-
cessful or unsuccessful optimisation strategy(ies)/algo-
rithm(s) that were previously run to avoid re-processing
a communication situation/problem that has happened
previously using an unsuccessful strategy.

[0184] Figures 5b-5d and 5f illustrate an example op-
eration engine 506 for use with the example SSON en-
gine 500. The operation engine 506 receives optimisation
data 525 representative of one or more optimisation strat-
egy(ies) associated with targeted subgroups of users.
The operation engine 506 on receiving the optimisation
strategy(ies) for the targeted subgroups of users (e.g.
specific user/customers/user groups or services in spe-
cific areas/time/services/routes/day) translates the opti-
misation strategy(ies) into appropriate command and/or
actions for interacting directly with one or more parts of
the telecommunications infrastructure 510 and/or any
UEs 518. The operation engine 506 sends execution data
526 including data representative of these command(s),
instruction(s) and/or action(s) to one or more parts of the
telecommunication infrastructure 510 for implementing
the associated optimisation strategy(ies).

[0185] For example, on receiving optimisation data
525 including one or more optimisation strategy(ies) as-
sociated with a targeted group of users and/or targeted
subgroup(s) of users, the operation engine 506 may take
the required action by instructing and sending execution
data 526 associated with the optimisation strategy(ies)
to the SON 512 or OSS 514a-514c for performing the
appropriate optimisation actions that implement the one
or more optimisation strategy(ies). Alternatively or addi-
tionally, the operation engine 506 may take the required
action by instructing directly one or more parts of the
telecommunications infrastructure associated with the
targeted subgroup of users such as, by way of example
but not limited to, one or more RAN(s) 516 , one or more
pico and/or femto cell access point(s), one or more Wi-
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Fi access point(s), one or more of 2-4G or beyond radio
network controllers such as, by way of example but not
limited to one or more BSC(s), one or more RNC(s), one
ormore MME(s), one or more of 2G-4G or beyond cellular
access points such as, by way of example but not limited
to, one or more eNodeB(s), one or more NodeB(s), one
or more base station(s) (BTS(s)) and the like, and/or UEs
518 of the targeted subgroup of users. The execution
data 526 associated with the instructions and/or com-
mands may be sent directly sent to the element or part
of the telecommunication infrastructure 510 that provides
the best real-time improvement in the communication
performance or user/service experience of the targeted
subgroup of users.

[0186] As previously described, the operation engine
506 may need to have direct or indirect interfaces to, by
way of example only but not limited to, at least one or
more or a combination of one or more of the following
parts of telecommunication infrastructure 510:

¢ Radio Access Network(s)/Element(s)/Node(s) 516
such as, by way of example only but not limited to,
one or more RNC(s), BSC(s), eNodeB(s), Small
Cell(s), Femto cell(s), Wi-Fi access point(s) and oth-
er access nodes or elements and the like;

* Network Management System (NMS/OSS 514a-
415c¢);

* Self-organizing system or self-optimising network(s)
(SON) 512;

* New Network Element such as CrowdRAN boxes

¢ Any UE(s)518;

¢ If required, to core network nodes, elements and/or
functions such as, by way of example only but not
limited to, Policy and Charging Rules Function
(PCREF) or other traffic management functions; and

e other parts of the telecommunication infrastructure
510 that may be affect the communication perform-
ance or even assist in the optimisation/improvement
of the communication performance of the targeted
subgroup(s) of users.

[0187] The operation engine 506 may perform a selec-
tion of the interface(s) that will be most suitable for re-
ceiving the execution data associated with the optimisa-
tion strategy(ies) of the targeted subgroup of users. The
selection of which interface will be the most suitable, by
way of example only but not limited to, direct to one or
more parts of the telecommunication infrastructure 510
such as, by way of example only but not limited to, ex-
isting/new network elements, core network 511, one or
more RAN(s) 516, SON 512, NSM/OSS 514a-514c,
and/or UE(s) 518, will be assessed depending on:

¢ Real time needs;

* Availability of different interfaces;

* Availability of different network elements; and

* Best experience avoiding any impact on other user.
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[0188] Once the interfaces or parts of the telecommu-
nications infrastructure 510 have been selected, the ex-
ecution data 526 may be sent to the selected interfaces
of the parts of the telecommunication infrastructure 510
and/or UE. Before executing the optimization precondi-
tion/conditions need to be met and the performance mon-
itoring engine 502 will allow monitoring of the condition
and the target subgroup of users and associated profiles
(e.g. user/customer/user groups or services profile) be-
fore the execution data associated with the optimisation
strategy(ies) is sent to the various parts of the telecom-
munication infrastructure 510. There are many meth-
od(s) or ways to determine the optimisation precondi-
tions/conditions that need to be met, which, by way of
example but not limited to, the performance monitoring
engine may monitor. For example, each UE 518 may
include an application (or app) that may communicate
further communication data associated with the UE for
use in monitoring the status of the UE and thus determine
whether the UE status matches the optimisation pre-con-
ditions/conditions before triggering an optimisation strat-
egy. Additionally or alternatively, specific messages,
command and/or instructions may be sent to the UE via
a network element such as, by way of example only but
not limited to, an base station or network controller (e.g.
BS/eNodeB or BSC/RNC/... etc.). Alternatively or addi-
tionally, the performance monitoring engine 502 may re-
ceive communication data 520 associated with all target-
ed UEs and monitor and track their associated perform-
ance for determining the status of each of the UEs and
whether certain pre-conditions/conditions are met forim-
plementing an optimisation strategy associated with said
each UE being targeted.

[0189] In addition to sending the execution data 526
that executes the actions associated with optimisation
data 525 received from the optimisation engine 504, the
operation engine 506 may also send user communica-
tions data including operations/optimisation data 527 to
the performance analysis engine 502 for use by the per-
formance analysis engine 502 in real-time monitoring of
any changes made, assessing the benefits of the chang-
es made to the telecommunications infrastructure 510,
and storing the past successful and/or unsuccessful op-
timisation strategy(ies) in relation to the associated com-
munication problem(s) and/or targeted subgroup(s) of
users. This closes the optimisation loop between the per-
formance analysis engine 502, optimisation engine 504,
operations engine 506, and database 508.

[0190] The operation engine 506 may also feedback
(not shown) one or more command/actions/instructions
associated with the chosen or selected optimisation strat-
egy(ies) and/or successful/unsuccessful optimisation
strategies for each user of the targeted subgroup(s) of
users to the database 508 (and/or profiling unit or engine
(not shown)). The database 508 may receive this feed-
back data from the operation engine 506 in the form of
database operations data (not shown) comprising data
representative of command/actions/instructions associ-
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ated with the chosen or selected optimisation strate-
gy(ies) and/or successful/unsuccessful optimisation
strategies for each user of the targeted subgroup(s) of
users. On receiving this data, the database 508 may then
create and/or update 523 the corresponding profiles as-
sociated with the users and/or the targeted subgroup(s)
of users with this database operations data for use by
the optimisation engine 504 and/or in profiling the users
etc.

[0191] Figure 5g is a further flow diagram of an exam-
ple one or more method(s) 550 performed by the per-
formance analysis engine 502, optimisation engine 504,
operation engine 506 and database 508 during operation
of the SSON engine 500 of Figures 5b-5f. The operation
engine 506 analyses and monitors the profile data (e.g.
user profile data) of targeted subgroups of users as well
as user communication data associated with the targeted
subgroup of users in real time to determine when to send
the execution data associated with executing the ac-
tion(s)/response(s) of the optimisation strategy(ies) as-
sociated with the performance issue(s)/problem(s) for
the targeted subgroup of users.

[0192] At 552, the operation engine 506 monitors the
profile data for each user of the targeted subgroup of
users. At 564 the performance analysis engine 502 is
configured to start tracing and collecting detailed user
communication data 520 associated with the targeted
subgroup of users having communication performance
issue(s)/problem(s) (e.g. users with poor performance
experiences). The detailed user communication data 520
may be generated as described with reference to figure
5b and/or by the OSS 514a-514b and/or a SSON agent
515. During monitoring 552 of the profile data for each
user, the operation engine 506 evaluates the detailed
user communication data 520 to determine various trig-
ger parameters such as, by way of example only and not
limited to, location(s) of the UEs 518 for each of the tar-
geted subgroup of users in real time, service information
associated with each of these UEs 518 in real time, com-
munication conditions of each of these UEs 518 in real
time, configuration of each of these UEs 518 in real time,
and/or user experiences of each of the user(s) using the
UE(s) 518 in real time. At 554, if the trigger parameters
for each one of these UE(s) of the targeted subgroup of
users meets the conditions defined by the trigger point(s)
associated with action(s)/response(s) of the optimisation
strategy(ies) for the targeted subgroup of users, then the
operation proceeds to 556 for each of those UEs and
corresponding users. The action(s)/response(s) of the
optimisation strategy(ies) are associated with mitigating
or avoiding a corresponding performance issue/problem
for each of the UEs of the targeted subgroup of users.
[0193] At 556, for each user and UE that triggers the
conditions in 554, the operation engine 506 sends a re-
sponse in the form of execution data 526 including data
representative of command messages to the associated
parts of the telecommunication infrastructure 510 and/or
each UE 518 for performing the required action(s)/re-
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sponse(s) for specifically modifying the configuration of
the UE 518 of the user of the targeted subgroup of users
to mitigate or avoid the corresponding performance is-
sue(s)/problem(s) for the UE 518 of the user. This may
be performed for each of the users of the targeted sub-
group of users. The command message includes data
representative of implementing the action(s)/re-
sponse(s) associated with the optimisation strategy(ies)
corresponding to the performance issue(s)/problem(s)
for the user of the UE.

[0194] In this example, the operation engine may send
execution data 526 comprising one or more command
message(s) or instruction(s) over one or more commu-
nication paths, e.g. communication path 1 558c to OSS
514a, communication path 2 558a to network element
516, and/or communication path 3 558b to UE 518. If the
execution data comprising the command message(s) is
sent down communication path 2 558a to the network
element 516, the network element 516 receives the com-
mand message and is configured to either a) send a cor-
responding configuration message on path 562a to the
UE 518 for modifying the configuration of the UE 518 of
the user and thereby executing the command and miti-
gating and/or avoiding the performance issue/problem
for the UE of the user of the targeted subgroup of users;
or b) execute the command message(s) to modify or con-
trol the configuration of the UE at the network element
516 to mitigate and/or avoid the performance issue/prob-
lem for the UE of the user; or ¢) execute the command
message(s) to modify or control the configuration of the
UE by modifying the configuration of the network element
516 to mitigate and/or avoid the performance issue/prob-
lem for the UE 518 of the user. Figures 10-15 describe
various examples of the network element 516 modify-
ing/controlling the configuration of the UE 518.

[0195] If the execution data comprising the command
message(s) is sent down communication path 3 558b to
the UE 518 of the user, the UE 518 of the user receives
the execution data and executes the command mes-
sage(s) and is configured to modify the configuration of
the UE 518 of the user and thereby executing the com-
mand and mitigating and/or avoiding the performance
issue/problem for the UE 518 of the user. Figures 10-15
describe various examples of the UE 518 (e.g. 414a)
being configured to modify the configuration of the UE
518 (e.g. 414a) of the user.

[0196] If the execution data comprising command
message(s) orinstruction(s) is sent down communication
path 1558ctothe OSS 514a, the OSS 514ais configured
to send the command message(s) to the network element
516 via communication path 560. When the network el-
ement 516 receives the command message(s) it is con-
figured to either a) send a corresponding configuration
message on path 562b to the UE 518 of the user for
modifying the configuration of the UE 518 of the user and
thereby executing the command(s) and mitigating and/or
avoiding the performance issue/problem for the UE 518
of the user of the targeted subgroup of users; or b) exe-
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cute the command message(s) to modify or control the
configuration of the UE 518 or the user from the network
element 516 to mitigate and/or avoid the performance
issue/problem for the UE 518 of the user; or ¢) execute
the command message(s) to modify or control the con-
figuration of the UE by modifying the configuration of the
network element 516 to mitigate and/or avoid the per-
formance issue/problem for the UE 518 of the user. Fig-
ures 10-15 describe various examples of the network el-
ement 516 (e.g. network element 418) modifying/control-
ling the configuration of the UE 518 of the user (e.g. UE
414a).

[0197] At 564, when the operations engine 506 is con-
figured to start tracing and collecting detailed user com-
munication data and information associated with the UEs
of the targeted subgroups of users having performance
issue(s)/problem(s), then at 566 each action/response
performed can be evaluated by the performance analysis
engine 502 and/or optimization engine 504 to determine
whether the identified performance issue(s)/problem(s)
for the UE of the user of the targeted subgroup of users
have been resolved, mitigated or avoided. At 566, if,
based on the evaluation, the identified performance is-
sue(s) have been resolved, then at 568 the correspond-
ing action(s)/response(s) and/or associated successful
optimisation strategy(ies) are stored in the database 508
in the profile data of a profile associated with the user or
targeted subgroup of users. This allows the UE 518 of
the user to avoid the performance issue(s)/problem(s)
when the UE 518 of the user again meets the required
trigger conditions 554.

[0198] However, at 566, if, based on the evaluation,
the identified performance issue(s) have not been re-
solved, then at 568 the corresponding action(s)/re-
sponse(s) and/or associated unsuccessful optimisation
strategy(ies) are also stored in the database 508 in the
profile data of a profile associated with the user or tar-
geted subgroup of users. The data associated with the
successful and/or unsuccessful optimisation strate-
gy(ies) may be retrieved from the database 508 and pro-
vided as profile data 524 to the optimisation engine 504
for use in pruning the possible number of available opti-
misation strategy(ies) in relation to the communication
problem(s) of the targeted subgroup of users as de-
scribed with reference to, for example, figures 5b, 5e and
5f.

[0199] As well, at 566, if one or more identified per-
formance issue(s)/problem(s) persist after executing the
corresponding action(s)/response(s) in relation to the UE
518 of a user of the targeted subgroup of users, then in
570 a module of the optimization engine 504 may eval-
uate further user communication data for the UE of the
user and/or UEs of the targeted subgroup of users in-
cluding the user to identify one or more alternative or
further optimisation strategy(ies) that may yield further
action(s)/response(s) for mitigating and/or avoiding the
corresponding performance issue(s)/problems for the
UEs of the targeted subgroup of users. The profile data
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(e.g. customer/service/user group/user profiles) associ-
ated with the user and/or the targeted subgroup of users
may then be updated based on the alternative optimisa-
tion strategy(ies) and/or further action(s)/response(s).
Thus, the SSON engine 500 may be configured by using
an optimisation feedback loop comprising the perform-
ance analysis engine 502, the optimisation engine 504,
the operations engine 506 and database 508 and which
are configured for optimizing the user experience for UEs
of users associated with targeted groups or subgroups
of users, and thus maintaining an optimal user experi-
ence forthe UEs 518 of each user of the plurality of users.
[0200] Figure 6ais aflow diagram of an example meth-
od performed by the performance analysis engine 502
of the SSON engine 500 of Figure 5a. The performance
analysis engine 502 performs user analytics on user
communication data associated with the UE of a user to
identify users with UEs experiencing performance is-
sue(s)/problem(s).

[0201] At 602, the performance analysis determines
and/or selects a set of input criteria to allow tracing to
start retrieving user communication data based on the
set of input criteria. The set of input criteria may include,
by way of example only and not limited to, the type of
location, region or route of the telecommunication net-
work that is to be optimized (e.g. the telecommunications
network along a route between London and Newbury);
the services being optimised (e.g. voice or data etc.); the
types of UE devices being optimized (e.g. all types of
UEs; UEs associated with a particular operator or oper-
ator(s); UEs associated with a particular enterprise/busi-
ness, etc.); andtypes of users (e.g. all the users; business
users; premium service/subscription users; etc.).
[0202] At 603 the OSS 404 may be directed to start
tracing and retrieving the user communication data or
communication data associated with the set of input cri-
teria determined in 602. At 604 the performance analysis
starts collecting user communication data based on, by
way of example only but not limited to, OSS tracing, OSS
performance statistics, drive test data (in operator net-
work), and/or probe data (in operator network).

[0203] At 606, the OSS 404 outputs the user commu-
nication data associated with the set of input criteria. The
user communication data includes all tracing information
and performance management data associated with the
set of input criteria (e.g. location, services, devices, us-
ers) selected for the tracing operation.

[0204] At 608 the performance analysis engine 502
analyses, ranks and/or filters the received user commu-
nication data to identify those users and UEs experienc-
ing service performance issue(s)/problem(s) and/or poor
user experience. At 610, the identified users experienc-
ing performance issue(s)/problem(s) and/or poor user
experience are stored in a database 508. The associated
user communications data may include key radio infor-
mation for determining the cause of the performance is-
sue(s)/problem(s), which may be stored in the database
508. As well, the associated performance issue(s)/prob-

10

15

20

25

30

35

40

45

50

55

32

lem(s) may also be stored in the database 508. For ex-
ample, at this stage, a user profile for each identified user
may be generated and stored in the database. The user
profile for a user may include a user identifier, the user
communication data associated with the UE of the user,
and the performance issue(s)/problem(s) associated
with the UE of the user. Although the user profile is de-
scribed herein with reference to figures 6a-6c, it is to be
appreciated by the skilled person that the term user pro-
file has been used for simplicity and by way of example
only and that other profiles as described with reference
to figure 5b that may be associated with one or more
users and their UEs may be generated and used in place
of the user profile as used and described, by way of ex-
ample only, with reference to figures 6a-6c.

[0205] Figure6bis aflow diagram of an example meth-
od performed by the optimization engine 504 ofthe SSON
engine 500 of Figure 5a. The optimization engine 504
analyses the further user communication data for identi-
fying one or more action(s)/response(s) corresponding
to the UEs of each user with performance issue(s)/prob-
lem(s).

[0206] At622the optimization engine 504 retrieves the
user profiles from the database 610 to identify the UEs
of users with performance issue(s)/problem(s). The op-
timization engine 508 starts detailed tracing for only the
users identified by the performance analysis engine 502
and method 600 that met the filtering conditions. The
detailed trace may be performed by the OSS 404. The
detailed tracing triggers the collection of further commu-
nication data for the UE of each user. The detailed tracing
may be performed for a set period of time X. The detailed
trace generates further user communication data for the
UEs of users and also for network elements and/or net-
work cells that have been identified causing performance
issue(s)/problem(s) to the UEs of the users. At 624 the
further user communication data associated with the per-
formance issue(s)/problem(s) is collected for building the
user profile(s) for each user. The further communication
data for the UE of each user may include user habits etc.
The further user communication data for the UE of each
user is used by the optimization engine 504 to build a
historical view of the performance issue(s)/problem(s) for
the UE of each user. At 626 the user profile for each of
the identified users in the database 508 may be updates
with the further user communication data.

[0207] At 624, the further user communication data is
also provided to one or more sets of optimization algo-
rithm(s) 630A-630N for evaluation. The one or more sets
of optimization algorithm(s) 630A-630N analyses the fur-
ther user communication data for the UE of each user.
Based on the analysis and evaluation at 624, at 632 the
optimization engine 504 determines one or more pro-
posed optimization action(s)/response(s) associated
with the identified performance issue(s)/problem(s) for
the UE of each user. Once the action(s)/response(s) are
identified the optimization engine 504 updates the data-
base by including in the user profile for each user data
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representative of the proposed optimization action(s)/re-
sponse(s), whichincludes datarepresentative of the spe-
cific desired action(s)/response(s) and the correspond-
ing trigger point(s) for executing the action(s)/re-
sponse(s).

[0208] Figure6cisafurtherflow diagramofanexample
method performed by the operation engine 506 of the
SSON engine 500 of Figure 5a. The operation engine
506 analyses monitors the user profile and user commu-
nication data for the UE of each user in real time to de-
termine when to execute the action(s)/response(s) asso-
ciated with the performance issue(s)/problem(s) for the
UE of each user.

[0209] At 642, the operation engine 506 monitors the
user profile for each user and in 656 is configured to start
tracing and collecting detailed user communication data
and information associated with the UEs of each specific
user having performance issue(s)/problem(s) (e.g. users
with poor performance experiences). The detailed user
communication data may be generated by the OSS 404
and/or a SSON agent 657. During monitoring of the user
profile for each user, the operation engine 506 evaluates
the detailed user communication data to determine var-
ious trigger parameters such as, by way of example only
and not limited to, location of the UE in real time, service
information associated with the UE in real time, commu-
nication conditions of the UE in real time, configuration
of the UE in real time, and/or user experiences of the
user using the UE in real time. At 644, if the trigger pa-
rameters for the UE of the user meet the conditions de-
fined by the trigger point(s) associated with an action/re-
sponse stored in the user profile for the user, then the
operation proceeds to 646. The action/response is asso-
ciated with mitigating or avoiding a corresponding per-
formance issue/problem for the UE of the user.

[0210] At 646, the operation engine 506 sends a re-
sponse in the form of command messages to the asso-
ciated network element 418/component 404 and/or com-
mand the UE 414a to perform the action(s)/response(s)
for specifically modifying the configuration ofthe UE 414a
to mitigate or avoid the corresponding performance is-
sue(s)/problem(s) for the UE 414a. The command mes-
sage includes data representative of implementing the
action(s)/response(s) associated with the corresponding
performance issue(s)/problem(s) for the UE.

[0211] Inthis example, the operation engine may send
a command message over one or more communication
paths, e.g. communication path 1 650c to OSS 404, com-
munication path 2 650a to network element 418, and/or
communication path 3 650b to UE 414a. If the command
message is sent down communication path 2 650a to the
network element 418, the network element 418 receives
the command message and is configured to either a)
send a corresponding configuration message on path
654a to the UE 414a for modifying the configuration of
the UE and thereby executing the command and mitigat-
ing and/or avoiding the performance issue/problem for
the UE of the user; or b) execute the command message
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to modify or control the configuration of the UE at the
network element 418 to mitigate and/or avoid the per-
formance issue/problem for the UE of the user. Figures
10-15 describe various examples of the network element
418 modifying/controlling the configuration of the UE
414a.

[0212] Ifthe command message is sent down commu-
nication path 3 650b to the UE 414a, the UE 414a re-
ceives and executes the command message and is con-
figured to modify the configuration of the UE and thereby
executing the command and mitigating and/or avoiding
the performance issue/problem for the UE of the user.
Figures 10-15 describe various examples of the UE 414a
being configured to modify the configuration of the UE
414a.

[0213] Ifthe command message is sent down commu-
nication path 1 650c to the OSS 404, the OSS 404 is
configured to send the command message to the network
element 418 via communication path 652. When the net-
work element 418 receives the command message it is
configured to either a) send a corresponding configura-
tion message on path 654b to the UE 414a for modifying
the configuration of the UE and thereby executing the
command and mitigating and/or avoiding the perform-
ance issue/problem for the UE of the user; or b) execute
the command message to modify or control the configu-
ration of the UE 414a from the network element 418 to
mitigate and/or avoid the performance issue/problem for
the UE 414a of the user. Figures 10-15 describe various
examples of the network element 418 modifying/control-
ling the configuration of the UE 414a.

[0214] At 656, when the operations engine 506 is con-
figured to start tracing and collecting detailed user com-
munication data and information associated with the UEs
of each specific user having performance issue(s)/prob-
lem(s), then at 658 each action/response performed can
be evaluated by the performance analysis engine 502
and/or optimization engine 504 to determine whether the
identified performance issue(s)/problem(s) for the UE of
the user have been resolved, mitigated or avoided. At
658, if, based on the evaluation, the identified perform-
ance issue(s) have been resolved, then at 660 the cor-
responding action(s)/response(s) are stored in the data-
base 508 in the user profile for the user. This allows the
UE of the user to avoid the performance issue(s)/prob-
lem(s).

[0215] However, at 658, if one or more identified per-
formance issue(s)/problem(s) persist after executing the
corresponding action(s)/response(s), then in 662 a mod-
ule of the optimization engine 504 may evaluate further
user communication data for the UE of the user to identify
one or more alternative or further action(s)/response(s)
for mitigating and/or avoiding the corresponding perform-
ance issue(s)/problems for the UE of the user. The user
profile of the user may then be updated based on the
alternative or further action(s)/response(s). The SSON
engine 500 may be configured to perform one or more
of the methods 600, 620 and 640 and/or functions of the
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performance analysis engine 502, optimization engine
504 and/or operation engine 506 for optimizing the user
experience for the UE of each user and for maintaining
an optimal user experience for the UE of each user.
[0216] Although figures 5b-5g and figures 6a-6¢ de-
scribe examples of SSON engine 500 of figure 5a, it is
to be appreciated by the skilled person that this is by way
of example only and that the SSON engine 500 of figure
5a is not limited to only the SSON engine 500 of figure
5b or the SSON engine 500 of figure 6a, but that the
SSON engine 500 of figure 5a may be further modified
to include one or more features of the SSON engine 500
of figures 5b-5g and/or one or more features of the SSON
engine 500 as described with reference to figures 6a-6c¢,
and/or one or more combinations of features of SSON
engine 500 of figures 5b-5g and/or of SSON engine 500
of figures 6a-6¢.

[0217] Figure 7 is another schematic diagram of an
exemplary computing-based device 700 which may be
implemented as any form of a computing, electronic de-
vice and/or server, and in which embodiments or exam-
ples of the SSON engine and/or functionality and other
aspects as described herein may be implemented.
[0218] Computing-based device 700 comprises one or
more processors 702 which may be microprocessors,
controllers or any other suitable type of processors for
processing computer executable instructions to control
the operation of the device 700 in order to receive user
communication data and measurements from the net-
work or via a communication link using communication
interface 714, analyse the user communication data for
UEs of each user for identifying performance is-
sues/problems associated with the UE of each user, de-
termining and executing actions/responses associated
with the identified performance issues/problems to there-
by mitigate and/or avoid said performance issues/prob-
lems thus optimizing the user experience.

[0219] Insome examples, for example where a system
on a chip architecture is used, the processors 502 may
include one or more fixed function blocks (also referred
to as accelerators) which implement at least a part of the
methods and/or apparatus as described herein in hard-
ware (rather than software or firmware).

[0220] Platform software and/or computer executable
instructions comprising an operating system 704 or any
other suitable platform software may be provided at the
computing-based device 700 to enable application soft-
ware to be executed on the device. Depending on the
functionality and capabilities of the computing device 700
and application of the computing device 700, software
and/or computer executable instructions may include,
and as described with reference to figures 1a-6¢ and
10-15, one or more of SSON engines and/or functionality
(e.g. optimization modules 406a-406n, performance
analysis engine 502, optimization engine 504, operations
engine 506) may be provided at the computing-based
device 700 and data store 710 may hold a database 508
including user profiles for each user. Alternatively or ad-
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ditionally, the database 508 may be located externally to
the computing-based device 700 and accessed by com-
munication interface 714.

[0221] For example, computing device 700 may be
used to implement SSON engine 206, 406 and/or 500 or
as described herein with reference to Figures 1-6¢ and
10-15 and may include software and/or computer exe-
cutable instructions that may include SSON functionality
or mechanisms 708. Computer storage media may in-
clude, but is not limited to, RAM, ROM, EPROM, EEP-
ROM, flash memory or other memory technology, CD-
ROM, digital versatile disks (DVD) or other optical stor-
age, magnetic cassettes, magnetic tape, magnetic disk
storage or other magnetic storage devices, or any other
non-transmission medium that can be used to store in-
formation for access by a computing device. In contrast,
communication media may embody computer readable
instructions, data structures, program modules, or other
data in a modulated data signal, such as a carrier wave,
or other transport mechanism. As defined herein, com-
puter storage media does not include communication
media. Although the computer storage media (memory
712) is shown within the computing-based device 700 it
will be appreciated that the storage may be distributed
or located remotely and accessed via a network or other
communication link (e.g. using communication interface
714).

[0222] The computing-based device 700 may also op-
tionally or if desired comprises an input/output controller
716 arranged to output display information to a display
device 718 which may be separate from or integral to the
computing-based device 700. The display information
may provide a graphical user interface. The input/output
controller 716 is also arranged to receive and process
input from one or more devices, such as a user input
device 720 (e.g. a mouse or a keyboard). This user input
may be used to set input criteria for operating the SSON
engine 708 and view optimisation results. In an embod-
iment the display device 718 may also act as the user
input device 720 if it is a touch sensitive display device.
The input/output controller 716 may also output data to
devices other than the display device, e.g. a locally con-
nected printing device.

[0223] Figure 8 is another schematic diagram of an
exemplary UE device 800 which may be implemented
as any form of a computing or electronic device for com-
municating with a telecommunications network and re-
ceiving commands and/or communicating with examples
of the SSON engine and/or functionality. Computing-
based device 800 comprises one or more processors
802 which may be microprocessors, controllers or any
other suitable type of processors for processing compu-
ter executable instructions to control the operation of the
device 800 in order to receive commands or communi-
cate measurements or configuration information to a
SSON engine or functionality in the network or via a com-
munication link using communication interface 814. The
commands from the SSON engine may be analysed and
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processed to execute the corresponding actions/re-
sponses for modifying the configuration of the UE device
800 as described herein to thereby mitigate and/or avoid
said performance issues/problems thus optimizing the
user experience.

[0224] In some examples, for example where a system
on a chip architecture is used, the processors 802 may
include one or more fixed function blocks (also referred
to as accelerators) which implement at least a part of the
methods and/or apparatus as described herein in hard-
ware (rather than software or firmware). Platform soft-
ware and/or computer executable instructions compris-
ing an operating system 804 or any other suitable plat-
form software may be provided at the UE device 800 to
enable application software 806 to be executed on the
device. Depending on the functionality and capabilities
of the UE device 800 and application of the UE device
800, software and/or computer executable instructions
may include, and as described with reference to figures
1a-6cand 10-15, one or more of SSON apps orinterfaces
808 and/or functionality may be provided atthe UE device
800 including user profiles for each user. The data store
810 may be used for storing received commands from
the SSON engine or functionality via network using com-
munications interface 814.

[0225] For example, UE device 800 may be used to
implement SSON app and/or interface as described
herein with reference to Figures 1-6c and 10-15 and may
include software and/or computer executable instruc-
tions that may include SSON app/interface functionality
or mechanisms 808. Computer storage media may in-
clude, but is not limited to, RAM, ROM, EPROM, EEP-
ROM, flash memory or other memory technology, CD-
ROM, digital versatile disks (DVD) or other optical stor-
age, magnetic cassettes, magnetic tape, magnetic disk
storage or other magnetic storage devices, or any other
non-transmission medium that can be used to store in-
formation for access by a computing device. In contrast,
communication media may embody computer readable
instructions, data structures, program modules, or other
data in a modulated data signal, such as a carrier wave,
or other transport mechanism. As defined herein, com-
puter storage media does not include communication
media. Although the computer storage media (memory
812) is shown within the UE device 800 it will be appre-
ciated that the storage may be distributed or located re-
motely and accessed via a network or other communi-
cation link (e.g. using communication interface 814).
[0226] The UE device 800 may also optionally or if de-
sired comprises an input/output controller 816 arranged
to output display information to a display device 818
which may be separate from or integral to the UE device
800. The display information may provide a graphical us-
er interface. The input/output controller 816 is also ar-
ranged to receive and process input from one or more
devices, such as a user input device 820 (e.g. a mouse
or a keyboard). This user input may be used to operate
the UE device 800 for performing voice and data services.
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In an embodiment the display device 818 may also act
as the user input device 820 if it is a touch sensitive dis-
play device. The input/output controller 816 may also out-
put data to devices other than the display device, e.g. a
locally connected printing device.

[0227] Figure 9 is another schematic diagram of an
exemplary network element device 900 which may be
implemented as any form of a computing, electronic de-
vice, or server for operating as a network controller ele-
ment (e.g. BSC, RNC, MME, Wi-Fi controller, femto cell
or there radio access technology etc.) or other type of
network element (e.g. base station, Node B, eNodeB,
access point, femto cell, etc.) in a telecommunications
network and for receiving commands and/or communi-
cating with examples of the SSON engine and/or func-
tionality.

[0228] Network element device 900 comprises one or
more processors 902 which may be microprocessors,
controllers or any other suitable type of processors for
processing computer executable instructions to control
the operation of the device 900 in order to receive com-
mands or communicate measurements or configuration
information to a SSON engine or functionality in the net-
work or via a communication link using communication
interface 914. The commands from the SSON engine
may be analysed and processed to execute the corre-
sponding actions/responses for modifying the configura-
tion of the UE device 800 as described herein to thereby
mitigate and/or avoid said performance issues/problems
thus optimizing the user experience.

[0229] Insome examples, for example where a system
on a chip architecture is used, the processors 902 may
include one or more fixed function blocks (also referred
to as accelerators) which implement at least a part of the
methods and/or apparatus as described herein in hard-
ware (rather than software or firmware). Platform soft-
ware and/or computer executable instructions compris-
ing an operating system 904 or any other suitable plat-
form software may be provided at the network element
device 900 to enable application software to be executed
on the device 900. Depending on the functionality and
capabilities of the network element device 900 and ap-
plication of the network element device 900, software
and/or computer executable instructions may include,
and as described with reference to figures 1a-6¢ and
10-15, one or more of SSON interfaces 908 and/or func-
tionality may be provided at the network element device
900. The data store 910 may be used for storing received
commands from the SSON engine or functionality via
network using communications interface 914.

[0230] For example, network element device 900 may
be used to implement the SSON interface as described
herein with reference to Figures 1-6¢c and 10-15 and may
include software and/or computer executable instruc-
tions that may include SSON interface functionality or
mechanisms 908. Computer storage media may include,
but is not limited to, RAM, ROM, EPROM, EEPROM,
flash memory or other memory technology, CD-ROM,
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digital versatile disks (DVD) or other optical storage,
magnetic cassettes, magnetic tape, magnetic disk stor-
age or other magnetic storage devices, or any other non-
transmission medium that can be used to store informa-
tion for access by a computing device. In contrast, com-
munication media may embody computer readable in-
structions, data structures, program modules, or other
data in a modulated data signal, such as a carrier wave,
or other transport mechanism. As defined herein, com-
puter storage media does not include communication
media. Although the computer storage media (memory
912) is shown within the network element device 900 it
will be appreciated that the storage may be distributed
or located remotely and accessed via a network or other
communication link (e.g. using communication interface
914).

[0231] The network element device 900 may also op-
tionally or if desired comprises an input/output controller
916 arranged to output display information to a display
device 918 which may be separate from or integral to the
network element device 900. The display information
may provide a graphical user interface. The input/output
controller 916 is also arranged to receive and process
input from one or more devices, such as a user input
device 920 (e.g. a mouse or a keyboard). This user input
may be used to operate the network element device 900.
In an embodiment the display device 918 may also act
as the user input device 920 if it is a touch sensitive dis-
play device. The input/output controller 916 may also out-
put data to devices other than the display device, e.g. a
locally connected printing device.

[0232] Figure 10 is a signalling diagram of an example
signal flow 1000 between an example SSON engine 206,
network element(s) 218c and UE 214d in response to
performance issue(s). Although the SSON engine 206
of figures 2a and 2b is referenced, it is to be appreciated
by the skilled person that any SSON engine or combina-
tions thereof as described herein with reference to Figure
1-9 may be used in this example signal flow 1000.
[0233] At 1002, the SSON engine has stored a user
profile for each user including the user communication
data for the user such as user key activity along with
action(s)/response(s) for mitigating or avoiding one or
more performance issue(s)/problem(s) associated with
the UE of each user, and also trigger points/conditions
for determining when to execute the action(s)/re-
sponse(s) associated with the one or more performance
issue(s)/problem(s). The SSON engine 206 evaluates
further user communication data of the UE for each user
in real time to determine the status of the UE and whether
a trigger point has been reached. When a trigger point
in relation to an action/response has been reached, at
1004, the SSON engine 206 sends an action command
message associated with the action/response for miti-
gating/avoiding the corresponding performance is-
sue/problem. The action command message includes
data representative of the action/response.

[0234] At 1006, the network element 218c (e.g. an
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RNC) receives the action command message from the
SSON engine 206 and, based on the data representative
of the action/response, determines the parameters for
controlling the configuration for the UE based on the ac-
tion command. At 1008 the network element 218c¢ sends
a configuration control message to the UE for use by the
UE 214d to change the configuration for the UE 214d in
relation to the action/response. At 1010, the UE 214d
receives the configuration control message and, based
on the parameters to control the configuration for the UE,
the UE modifying/changes the configuration of the UE
214d.

[0235] At 1012, the UE 214d with the changed config-
uration communicates with the telecommunication net-
work via the network element 218c. The changed con-
figuration of the UE 214d may modify the behaviour of
the UE 214d when communicating with the telecommu-
nication network and thus mitigate the performance is-
sue/problem associated with the triggered action/re-
sponse. In 1014, the UE 214d may send a report of the
UE communications data to the SSON engine 206 for
determining whether the triggered action/response re-
solved the corresponding performance issue(s)/prob-
lem(s).

[0236] If the triggered action/response did resolve the
corresponding performance issue(s)/problem(s), then
the action/response is stored in the user profile of the
user for later use when triggered. If the triggered ac-
tion/response did not resolve the corresponding perform-
ance issue(s)/problems then the SSON engine may re-
evaluate the user profile of the user and the user com-
munication data for the UE 214d of the user to determine
alternative or further action(s)/response(s) that may re-
solve the performance issue(s)/problem(s) associated
with the UE 214d.

[0237] Figure 11 is a signalling diagram of an example
signal flow 1100 between an example SSON engine 206,
network element(s) 218c and UE 214d in response to
handover performance issue(s). Although the SSON en-
gine 206 of figures 2a and 2b is referenced, it is to be
appreciated by the skilled person that any SSON engine
or combinations thereof as described herein with refer-
ence to Figures 1-10 and 12-15 may be used in this ex-
ample signal flow 1100.

[0238] At 1102, the SSON engine 206 has stored a
user profile for each user including the user communica-
tion data for the user such as user key activity along with
action(s)/response(s) for improving the performance
and/or mitigating or avoiding the one or more perform-
ance issue(s)/problem(s) associated with the UE 214d
of the user, and also trigger points/conditions for deter-
mining when to execute the action(s)/response(s) asso-
ciated with the one or more performance issue(s)/prob-
lem(s). In this example, the performance issue/problem
associated with the UE 214d is a handover failure or deg-
radation of performance when a handover occurs at the
same location. For example, the UE 214d may be trav-
elling from London to Newbury and when stopped at
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Reading station the UE 214d always hands over to an-
other cell resulting in performance degradation or even
ahand overfailure. The action/response for the handover
performance issue/problem is determined to be that
when the UE 214d stops in Reading again, that the UE
214d does not hand over to the other cell. The trigger
point is based on the location of the UE 214d, and is
triggered when the UE 214d is located in Reading.
[0239] The SSON engine 206 evaluates the further us-
er communication data for the UE 214d of the user in real
time to determine the status of the UE and whether the
trigger point has been reached. When the UE 214d ar-
rives in Reading, it is determined from the user commu-
nication data that the trigger point in relation to the ac-
tion/response has been reached. At 1104 the SSON en-
gine 206 sends an action handover command message
associated with the handover action/response for miti-
gating/avoiding the corresponding handover perform-
ance issue/problem. The action command message in-
cludes data representative of the action/response. In this
case, the data representative of the action/response in-
cludes a list of neighbour cells that the UE 214d has to
measure, in which the list of neighbour cells is restricted
to exclude the cell causing the handover failure or deg-
radation in performance.

[0240] At 1106, the network element 218c (e.g. an
RNC) receives the action command message from the
SSON engine 206 and, based on the data representative
of the list of neighbour cells, the RNC is modified to de-
termine from the parameters that a measurement control
message is required for sending the list of neighbour cells
excluding the cell causing the handover performance is-
sue(s). This can be used for controlling the configuration
forthe UE 214d. At 1108 the network element 218c sends
a measurement control message to the UE including the
list of neighbour cells excluding the cell causing the
handoverissues. At 1110, on receipt of the measurement
control message from the network element 218c, the UE
214d is configured to only measure the cells from the
received list of neighbour cells. At 1110, the UE 214d is
configured to perform the cellmeasurementsand at 1112
the UE 214d performs an evaluation to determine the
best cell for handing over to, if necessary.

[0241] At 1114, the UE 214d is configured to send a
measurement report message including the measure-
ments performed at 1110 to the network element 218c.
The network element 218c uses the measurements in
handover procedure ofthe UE 214d to the best cell based
on the measurements by the UE 214d. Given that the
other cell causing the handover performance issue was
not on the list of neighbour cells, the UE 214d was con-
figured not to measure the other cell and thus the action
handover command sent by the SSON engine 206 has
avoided the performance issue/problem and optimized
the user experience.

[0242] At 1116, the UE 214d with the changed config-
uration communicates with the telecommunication net-
work via the newly handed over cell. The changed con-
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figuration of the UE 214d has modified the behaviour of
the UE 214d when communicating with the telecommu-
nication network and has mitigated the handover per-
formance issue/problem associated with the triggered
handover action/response. In 1118, the UE 214d may
send a report of the UE communications data to the
SSON engine 206 for determining whether the triggered
handover action/response resolved the corresponding
handover performance issue(s)/problem(s).

[0243] Figure 12 is an alternative signalling diagram of
another example signal flow 1200 between a SSON en-
gine 206, network element(s) 218c and a UE 214d in
response to handover performance issue(s) experienced
by the UE 214d and user of UE 214d. Although the SSON
engine 206 of figures 2a and 2b is referenced, it is to be
appreciated by the skilled person that any SSON engine
or combinations thereof as described herein with refer-
ence to Figures 1-11 and 13-15 may be used in this ex-
ample signal flow 1200.

[0244] At 1202, the SSON engine 206 has stored a
user profile for each user including the user communica-
tion data for the user such as user key activity (e.g. user
communication data) along with action(s)/response(s)
forimproving the performance and/or mitigating or avoid-
ing the one or more performance issue(s)/problem(s) as-
sociated with the UE 214d of the user. The user profile
for the user may also have stored therein trigger
points/conditions for determining when to execute the
action(s)/response(s) associated with the one or more
performance issue(s)/problem(s).

[0245] Inthisexample, the performance issue/problem
associated with the UE 214d is a handover failure or deg-
radation of performance when a handover occurs at the
same location. For example, the UE 214d may be trav-
elling on a train from London to Newbury and when
stopped at Reading station the UE 214d, for some rea-
son, always hands over to another cell resulting in per-
formance degradation or even a hand over failure. As
previously described herein, SSON engine 206 has per-
formed an analysis and optimisation on the user commu-
nication data associated with the user using UE 214d to
determine that a handover performance issue(s)/prob-
lem(s) exist and to determine one or more handover ac-
tion(s)/response(s) and trigger point(s)/conditions for
overcoming the handover performance issue(s)/prob-
lem(s). These are stored in the user profile of the user
for UE 214d.

[0246] In this case, the handover action/response for
the handover performance issue/problem is determined
to be that when the UE 214d stops in Reading again, that
the UE 214d does not hand over to the other cell. The
trigger point is based on the location of the UE 214d, and
is triggered when the UE 214d is located in Reading.
[0247] The SSON engine 206 evaluates the further us-
er communication data for the UE 214d of the userin real
time to determine the status of the UE and whether the
trigger point has been reached. When the UE 214d ar-
rives in Reading, it is determined from the user commu-
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nication data that the trigger point in relation to the ac-
tion/response has been reached. At 1204 the SSON en-
gine 206 sends an action handover command message
(e.g. ACTION_HO_COMMAND) to the network element
(e.g. in this example, this is RNC 218c) associated with
the handover action/response for mitigating/avoiding the
corresponding handover performance issue/problem.
The action command message includes data represent-
ative of the handover action/response. In this case, the
data representative of the action/response includes a list
of neighbour cells for the UE 214d to measure that is
restricted to exclude the cell causing the handover failure
or degradation in performance.

[0248] However, in this case, the network element
218c is configured to modify its response to the meas-
urement report of the UE 214d and thus indirectly modify
the configuration of the UE 214d by performing the ac-
tion/response transparently to the UE 214d. That is, the
network element 214d reconfigures or modifies the con-
figuration of the UE 214d by not informing the UE 214d
of the handover action/response message but instead
modifying the communication connection and/or hando-
ver procedures in relation to the UE 214d, when needed,
based on the handover action/response received. That
is, the ACTION_HO_COMMAND may be used to instruct
the network element 218c to only evaluate a certain se-
lection of cells or restricted list of neighbour cells for the
handover procedure of the UE 214d, without notifying
the UE 214d of the selection or restricted list of neighbour
cells.

[0249] For example, at 1204, the network element
218c (e.g. an RNC) receives the action command mes-
sage from the SSON engine 206 and, based on the data
representative of the list of neighbour cells, the RNC 218¢
is configured or instructed to determine from the param-
eters that only the cells in the restricted cell neighbour
list should be used in a handover of the UE 214d. How-
ever, instead of informing the UE 214d of the restricted
cell neighbour list derived by the SSON engine 206, the
RNC 218c sends a measurement control message re-
questing the UE 214d to perform/evaluate cell measure-
ments for the UE’s 214d current cell neighbour list. The
current cell neighbour list of the UE 214d has not been
modified based on the restricted list of neighbour cells to
exclude the cell causing the handover performance is-
sue/problem.

[0250] At 1208, on receipt of the measurement control
message from the network element 218¢, the UE 214d
is configured to perform the cell measurements as normal
and at 1210 the UE 214d performs an evaluation to de-
termine the best cell for handing over to, if necessary. At
1212, the UE 214d is configured to send a measurement
report message including the measurements performed
at 1208 and 1210 to the network element 218c. The
measurement report includes the required measure-
ments/parameters etc. the UE 214d measured/evaluated
in relation to the current list of neighbour cells (including
the cell causing the handover performance issue/prob-
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lem).
[0251] At 1214, the network element 218c uses the
measurements in conjunction with the

ACTION_HO_COMMAND instructing the network ele-
ment 218c to evaluate, from the received measurement
data of the measurement report received from UE 214d,
only those cells from the restricted list of neighbour cells
in the handover procedure of the UE 214d. Given the
RNC 218c has been instructed by the
ACTION_HO_COMMAND not to consider the other cell
causing the handover performance issue, i.e. this will not
be on the selected list of cells for consideration or the
restricted list of neighbour cells, then the cell causing the
handover performance issue will not be considered as a
handover candidate. The handover procedure of the UE
214d and hence the configuration of the UE 214d has
been modified to not consider the other cell, and instead
to handover, if necessary, to another cell that should not
cause the associated handover performance is-
sue(s)/problem(s). Thus the action handover command
sent by the SSON engine 206 has avoided the handover
performance issue/problem and optimized the user ex-
perience.

[0252] At 1216, the UE 214d with the modified config-
uration (i.e. the communication connection has been
modified by the RNC 218c) communicates with the tele-
communication network via the newly handed over cell.
The changed configuration of the UE 214d has modified
the behaviour of the network element 218c in relation to
the UE 214d and has mitigated the handover perform-
ance issue/problem associated with the triggered hando-
ver action/response. In 1218, the UE 214d may send a
report of the UE communications data to the SSON en-
gine 206 for determining whether the triggered handover
action/response resolved the corresponding handover
performance issue(s)/problem(s).

[0253] Figure 13 is a flow diagram illustrating example
method(s) 1300 performed by the SSON engine 206, net-
work elements (e.g. RNC 218c), and UEs 214d and 214e
(e.g. UE1 and UE2, respectively) of two users for the
situation in which the user of UE 214d (e.g. UE1) expe-
riences handover performance issue(s) as described
with reference to Figures 11 or 12. Although not de-
scribed, the user of UE 214e (e.g. UE2) may experience
other performance issue(s). Although the SSON engine
206, RNC 218c and UEs 214d and 214e are referenced
with respect to figures 2a and 2b, it is to be appreciated
by the skilled person that any SSON engine, network
element or UE or combinations thereof as described
herein with reference to Figures 1-12 and 14-15 may also
be used.

[0254] At 1302, the SSON engine 206 has stored a
user profile for each user associated with UEs 214d and
214e (e.g. UE1 and UE2, respectively). The user profile
for each user includes key activity data (e.g. user com-
munication data) for the corresponding UE 214d or 314e
along with action(s)/response(s) for improving the per-
formance and/or mitigating or avoiding the one or more
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performance issue(s)/problem(s) associated with the
corresponding UE 214d or 214e of each user. The user
profile for each user may also have stored therein trigger
points/conditions for determining when to execute the
action(s)/response(s) associated with the one or more
performance issue(s)/problem(s).

[0255] In this example, after performing an analysis
and optimisation on the user communications data as-
sociated with UE 214d (e.g. UE1) as described with ref-
erence to any one of Figures 1-12 and 14-15, the SSON
engine 206 determines that UE 214d when travelling on
a train from London to Newbury experiences a handover
performance issue/problem, which is a handover failure
of the UE 214d from a first cell called cellReading to a
second cell called cellStation. The SSON engine 206 also
determines a handover action/response for overcoming
the performance issue to be when it is detected that UE
214d is likely to be travelling from London to Newbury,
then when the UE 214d gets to cellReading do nothando-
ver to cellStation. The handover action(s)/response(s)
may include data representative of a selected set of cells
or a list of neighbour cells for the UE 214d to measure
that is restricted to exclude cellStation causing the
handover failure or degradation in performance.

[0256] In addition, the SSON engine 206 determines
a setof one or more trigger point(s)/conditions for detect-
ing when the handover action/response should be trig-
gered/executed in the network for overcoming the hando-
ver performance issue(s)/problem(s). For this example,
these trigger point(s) may include, by way of example
only, information including one or more rules or policies
for detecting whether the UE 214d is travelling from Lon-
don to Newbury and also information including one or
more rule(s) or policies for detecting whether the UE 214d
enters cellReading. These are also stored in the user
profile of the user of UE 214d. Similarly, the user profile
of the user of UE 214e will also include various perform-
ance issue(s)/problem(s) and corresponding ac-
tion(s)/response(s) and trigger point(s)/condition(s) as-
sociated with improving the user experience of UE 214e.
[0257] At 1304, the user of the UE 214d decides to
travel from London to Newbury. During the trip, one or
more network elements/components and/or the UE 214d
may send the SSON engine 206 further user communi-
cation data that allows the SSON engine 206 to evaluate
the behaviour of the user and/or UE 214d and, based on
the user profile of the user, whether the status of the UE
214d satisfies any of the trigger point(s)/condition(s) as-
sociated with action(s)/response(s) for mitigating one or
more performance issue(s)/problem(s) for UE 214d of
the user. For example, the collection and analysis by the
SSON engine 206 of this further user communication da-
ta may be performed in real time to determine the status
of the UE 214d and whether one or more trigger point(s)
have been reached.

[0258] At1306,the SSON engine 206 determines from
the further user communication data collected from the
network and/or from the UE 214d that the UE 214d is
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travelling from London to Newbury. This may be based
on the historical behaviour of the user of UE 214d (e.g.
from the analysis of historical user communication data
of UE 214d such that the SSON engine 206 has deter-
mined the user of UE 214d routinely takes this route every
week or every day while commuting to/from work etc.)
The SSON engine 206 may also monitor, from analysis
of further user communication data, the current status of
the UE 214d e.g. monitoring/analysing further user com-
munication data associated with the UE 214d such as,
by way of example only but not limited to, the location of
the UE 214d, how fast the UE 214d is travelling, through
which cells the UE 214d passes through etc. Based on
the historical behaviour of the user and/or on the moni-
tored further user communication data associated with
the status of the UE 214d, the SSON engine 206 may
determine that the UE 214d is likely to be travelling from
London to Newbury.

[0259] Forthis example, one of the trigger point(s) from
the user profile for the user of UE 214d is triggered as
the SSON engine 206 detects the UE 214d to be travel-
ling from London to Newbury. Once the SSON engine
206 detects that the UE 214d enters cellReading, then
the trigger point(s) for the handover action(s)/re-
sponse(s) in relation to the handover performance is-
sue(s)/problem(s) for UE 214d will then trigger the exe-
cution of the corresponding handover action/response.

[0260] Prior to, concurrently or substantially concur-
rently or after 1306, the SSON engine 206 may also an-
alyse and evaluate further user communication data for
UEs of other users. In this example, the SSON engine
206 may determine from the further user communication
data collected from the network and/or from the UE 214e
that the UE 214e is also travelling from London to New-
bury, or at least from London to Reading. This may also
be based on the historical behaviour of the user of UE
214e. The SSON engine 206 may also monitor, from
analysis of further user communication data, the current
status of the UE 214e (e.g. monitoring/analysing further
user communication data associated with the UE 214e
such as, by way of example only but not limited to, the
location of the UE 214e, how fast the UE 214d is travel-
ling, through which cells the UE 214e passes through
etc.) Based on the historical behaviour of the user and/or
on the monitored further user communication data asso-
ciated with the status of the UE 214e, the SSON engine
206 may determine that the UE 214e is likely to be trav-
elling from London to Newbury.

[0261] At 1308, the SSON engine 206 has determined
thatthe UE 214d isindeed travelling from London to New-
bury via Reading. When all trigger point(s) have been
satisfied or reached, the SSON engine 206 sends the
network element 218c (e.g. an RNC) responsible for the
telecommunications network in the region of Reading
and Reading Station an action handover command mes-
sage associated with the handover action(s)/response(s)
to the corresponding handover performance is-
sue(s)/problem(s) for UE 214d.
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[0262] At 1308 the SSON engine 206 sends the action
handover command message (e.g.
ACTION_HO_COMMAND) to the network element (e.g.
in this example, this is RNC 218c) associated with the
handover action/response for mitigating/avoiding the
corresponding handover performance issue/problem.
The action command message includes data represent-
ative of the handover action/response, which in this case
includes data representative of the set of selected cells
or a list of neighbour cells for the UE 214d to measure
that is restricted to exclude cellStation causing the
handover failure or degradation in performance.

[0263] At 1308, the network element 218c (e.g. an
RNC) receives the action command message from the
SSON engine 206 and, based on the data representative
of the selected cells or the list of neighbour cells that
exclude cellStation, the RNC is configured to determine
that a measurement control message should be sent to
the UE 214d that includes the selected cells or the list of
neighbour cells excluding the cellStation causing the
handover performance issue(s) for UE 214d. The net-
work element 218c sends a measurement control mes-
sage including the necessary parameters or data repre-
sentative of the selected cells or restricted list of neigh-
bour cells that the UE 214d should use to make meas-
urements to determine which cell is appropriate for a
handover procedure. Itis apparent that the measurement
control message is used for controlling the configuration
for the UE 214d.

[0264] Atsome pointe.g. priorto, concurrently, oreven
after 1308, at 1314 the SSON engine 206 also deter-
mines that the UE 214e (e.g. UE2) is indeed also travel-
ling from London to Newbury via Reading, or atleast from
London to Reading. However, in this case, at step 1316
itis determined that UE 214e may have a different hando-
ver performance issue/problem and may be required to
measure all cells i.e. all cells in relation to cellReading
and cellStation. Thus, on determining that all trigger
point(s)/condition(s) based on the current status of UE
214e are satisfied, the SSON engine 206 sends the net-
work element 218c (e.g. an RNC) responsible for the
telecommunications network in the region of Reading
and Reading Station an action handover command mes-
sage in relation to UE 214e to network element 218c for
instructing UE 214e to measure all cells.

[0265] At 1318, the network element 218c (e.g. an
RNC) receives the action command message in relation
to UE 214e from the SSON engine 206 and, based on
the data representative of the list of neighbour cells,
whichin this case alsoincludes cellStation, the RNC 218c
is configured to send a measurement control message
to the UE 214e causing UE 214e to measure all cells
including cellStation, whichis causing handover perform-
ance issue(s) for UE 214d. The network element 218c
sends a measurement control message including the
necessary parameters or data representative of all the
cells including cellStation to allow UE 214e make all the
necessary measurements appropriate for a handover
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procedure, if necessary. It is apparent that the measure-
ment control message is also used for controlling the
configuration for the UE 214e.

[0266] At 1310, on receipt of the measurement control
message from the network element 218¢c, the UE 214d
is configured to only measure the cells from the received
list of neighbour cells. The UE 214d performs the cell
measurements based only on the restricted list of neigh-
bour cells (excluding cellStation) and evaluates the cell
measurements to determine the best cell for use in a
handover procedure, if necessary.

[0267] In this case, the UE 214d may be configured to
send a measurement report message including the
measurements for only those cells in the restricted list of
neighbour cells to the network element 218c¢ (not shown).
The network element 218c uses only the received meas-
urements in a handover procedure for the UE 214d. Giv-
en that the cellStation cell that previously caused a
handover performance issue for UE 214d is not on the
restricted list of neighbour cells and that the UE 214d
was configured to not make measurements in relation to
the cellStation cell, it is apparent that the action handover
command sent by the SSON engine 206 to network el-
ement 218c in relation to UE 214d has avoided the per-
formance issue/problem and optimized the user experi-
ence.

[0268] This means that the user would not have expe-
rienced a performance issue associated with a hand over
from cellReading to cellStation and thus the user expe-
rience is optimised. The UE 214d with the changed con-
figuration communicates with the telecommunication
network via the newly handed over cell. The changed
configuration of the UE 214d has modified the behaviour
of the UE 214d when communicating with the telecom-
munication network and has mitigated the handover per-
formance issue/problem associated with the triggered
handover action/response.

[0269] At 1312, the SSON engine 206 may evaluate
the performance of UE 214d after the action to determine
whether the action was successful and/or whether any
further action(s)/response(s) may be necessary for opti-
mising the user experience. For example, the UE 214d
may send a report of the UE communications data to the
SSON engine 206 for determining whether the triggered
handover action/response resolved the corresponding
handover performance issue(s)/problem(s). If the ac-
tion/response was successful, then the SSON engine
206 retains the action/response in the user profile of the
user for UE 214d for future instances when UE 214d trav-
els, forexample, from London to Reading. If the action/re-
sponse was no successful, then the SSON engine 206
may, as described herein with reference to Figures 1-12
and 14-15, perform a further analysis/optimisation to de-
termine further action(s)/response(s) in relation to the
handover performance issue(s)/problem(s) or for that
matter any other type of performance issue/problem as-
sociated with UE 214d.

[0270] At 1320, on receipt of the measurement control
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message from the network element 218¢, the UE 214e
is configured to measure all cells including cellStation.
The UE 214e performs the cell measurements and eval-
uates the cell measurements to determine the best cell
for use in a handover procedure, if necessary. These are
sent back to the RNC 218c and, if necessary, the UE
214e may be handed over to cellStation depending on
the handover procedure based on the measurements of
UE 214e.

[0271] Figure 14 is a signalling diagram of another ex-
ample signal flow 1400 between a SON engine 206, net-
work element(s) 218c, and a UE 214d in response to
power consumption performance issue(s) experienced
by the UE 214d and user of UE 214d. Although the SSON
engine 206 of figures 2a and 2b is referenced, it is to be
appreciated by the skilled person that any SSON engine
or combinations thereof as described herein with refer-
ence to Figures 1-13 and 15 may be used.

[0272] At 1402, the SSON engine 206 has stored a
user profile for each user including the user communica-
tion data for the user such as user key activity (e.g. user
communication data) along with action(s)/response(s)
forimproving the performance and/or mitigating or avoid-
ing the one or more performance issue(s)/problem(s) as-
sociated with the UE 214d of the user. The user profile
for the user may also have stored therein trigger
points/conditions for determining when to execute the
action(s)/response(s) associated with the one or more
performance issue(s)/problem(s).

[0273] Inthis example, the performance issue/problem
associated with the UE 214d is related to excessive pow-
er consumption or a low battery indication or level of UE
214d, which may resultin poor communications perform-
ance or even a communications outage (i.e. a loss in
communications) during use of UE 214d. For example,
this may also occur at the same location (e.g. in the office,
at home or while commuting) due to the behaviour or
environment the user regularly finds themselves in e.g.
forgetting to charge the device, lack of power sockets,
plugs or adaptors available for charging UE 214d (e.g.
during commuting or in the office etc.)

[0274] As previously described herein, SSON engine
206 has performed an analysis and optimisation on the
user communication data including historical user behav-
iour etc. associated with the user using UE 214d to de-
termine whether a power consumption performance is-
sue(s)/problem(s) exist and to determine one or more
power consumption action(s)/response(s) and trigger
point(s)/conditions may be used for overcoming the pow-
er consumption performance issue(s)/problem(s). These
are stored in the user profile of the user for UE 214d.
[0275] In this case, the power consumption action/re-
sponse for the power consumption performance is-
sue/problem is determined, by way of example only, to
be that when the UE 214d is stationary (e.g. stops at
home or in the office), that the network element 218¢c
involved in communicating with the UE 214d reduces
transmission of any unnecessary communication signals
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and/or reduces the requirement for the UE 214d to trans-
mit any unnecessary communication signals to the net-
work element 218c or to associated network elements.
[0276] For example the SSON engine 206 during its
analysis/optimisation procedures may identify a set of
communications signals for reducing unnecessary com-
munications with the UE 214d based on the mobility sta-
tus of the UE 214d. For example, when the UE 214d is
stationary or even when it is non-stationary. In this ex-
ample, it is assumed that the UE 214d is stationary for a
period of time.

[0277] The set of communications signals may be se-
lected or based on, by way of example only, one or more
communication signals from the group of: paging signals
associated with the UE 214d, power control signals as-
sociated with the UE 214d, measurement signals asso-
ciated with the UE 214d, location services signals asso-
ciated with the UE 214d, and any other communication
signal associated with the UE 214d that originates from
a network element (e.g. RNC 218c) of the telecommuni-
cations network.

[0278] Reducingthe numberof communication signals
transmitted/received will assist in reducing the power
consumption of the UE 214d. In this example, the trigger
point(s) may be based on the location of the UE 214d
and may be triggered when the UE 214d is stationary in
a location for a period of time (e.g. at home or at the
office). This means that it can be assumed the UE 214d
will stay in the same location and not require any further
communications signalling to allow the network to deter-
mine where the UE 214d is located etc.

[0279] The SSON engine 206 evaluates the further us-
er communication data for the UE 214d of the userin real
time to determine the status of the UE and whether the
trigger point has been reached. When the UE 214d is
stationary for a period of time, or is in and around partic-
ular location or cell for a period of time, it may be deter-
mined from the user communication data that the trigger
pointinrelation to the action/response has beenreached.
The trigger point may also require that the UE 214d be
at a certain location such as the office, or at home of the
user, or in a particular cell associated with either home
or office or any other location that the UE 214d may,
historically, have been stationary for a period of time.
[0280] At 1404 the SSON engine 206 sends an action
battery or power consumption command message (e.g.
ACTION_BAT_COMMAND) to the network element (e.g.
in this example, this is RNC 218c) associated with the
UE 214d when the UE 214d is stationary in the particular
location for mitigating/avoiding the corresponding exces-
sive power consumption or battery consumption perform-
ance issue/problem. The action command message may
further include data representative of the possible set of
communication signals that are not required to be trans-
mitted/received while the UE 214d is stationary or sub-
stantially stationary at the particular location.

[0281] In this case, the network element 218c is con-
figured to determine from receipt of the
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ACTION_BAT_COMMAND the required reduction in the
frequency of the communication signalling to/from the
UE 214d. The network element 218c may also send a
page/control message to the UE 214d for use by the UE
214d in reducing transmission of communication signal-
ling to the network element 218c or associated network
elements. Thus, the configuration of the UE 214d is mod-
ify both indirectly by the network element218cinreducing
the set of communication signalling messages and/or di-
rectly by the network element 218c sending the UE 214d
a message for configuring/reducing the communication
signalling required to be transmitted to the network ele-
ment 218c from the UE 214d.

[0282] The ACTION_BAT_COMMAND may be used
to instruct the network element 218c¢ to only reduce com-
munications signalling from the set of communications
signals to be transmitted to the UE 214d, without notifying
the UE 214d of the reduction in communication signalling.
Alternatively or additionally, the
ACTION_BAT_COMMAND may be used to instruct the
network element 218c to not only reduce communica-
tions signalling from the set of communications signals
to be transmitted to the UE 214d, but also to notify the
UE 214d to reduce communications signalling from the
UE 214d to the network element 218c¢ or associated net-
work elements. These scenarios result in the
ACTION_BAT_COMMAND modifying the configuration
of the UE 214d, where the configuration of the UE 214d
includes the communications between network element
218c and the UE 214d.

[0283] For example, at 1406, the network element
218c (e.g. an RNC) receives the
ACTION_BAT_COMMAND message from the SSON
engine 206 and, based on the data representative of the
set of communication signals, the RNC 218c is config-
ured or instructed to determine the reduction in the fre-
quency and type of communication signals that it needs
to send to and/or receive from the UE 214d. In addition,
the RNC 218c may also notify the UE 214d the necessary
information required to allow the UE 214d to modify the
configuration of the UE 214d for reducing the communi-
cations signals in the set of communication signals trans-
mitted from the UE 214d to the network element 218c or
associated network elements.

[0284] At 1408, the network element 218c sends com-
munication signals from the set of communication signals
atareduced frequency, such thatthe power consumption
of the UE 214d is reduced, which conserves the available
power usable by the UE 214d. As well, at 1408, on receipt
of the paging/control message from the network element
218c, the UE 214d is configured to reduce the transmis-
sion of communication signals from the set of communi-
cation signals to the network element 218c or associated
network elements. Thus, the UE 214d is further config-
ured to conserve power by not transmitting communica-
tion signals from the set of communication signals as
frequently.

[0285] At 1410, the UE 214d communicates with the
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RNC 218c or associated network elements at the re-
duced frequency set for providing communication signals
from the set of communication signals. Should the UE
214d receive a call from another UE, then the UE 214d
communicates with the other UE in the normal fashion.
However, after the call, the UE 214d continues to com-
municate communication signals from the set of commu-
nication signals with the network elements 218c etc., at
the reduced rate. Basically, the UE 214d with the modified
configuration (i.e. the communication connection has
been modified by the RNC 218c) communicates with the
telecommunication network at the reduced frequency of
communication signalling. The changed configuration of
the UE 214d has modified the behaviour of the network
element218cin relation tothe UE 214d and has mitigated
the excessive power consumption performance is-
sue/problem associated with the triggered power con-
sumption/battery action/response. In 1412, the UE 214d
may send a report of the UE communications data to the
SSON engine 206 for determining whether the triggered
power consumption/battery action/response resolved
the corresponding excessive power consumption/battery
level handover performance issue(s)/problem(s).
[0286] Figure 15 is another signalling diagram of the
signal flow 1500 between a SON engine 206, network
element(s) 218c, and a UE 214d in response to power
consumption performance issue(s) experienced by the
UE 214d and user of UE 214d. Although the SSON en-
gine 206 of figures 2a and 2b is referenced, it is to be
appreciated by the skilled person that any SSON engine
or combinations thereof as described herein with refer-
ence to Figures 1-14 may be used.

[0287] At 1502, the SSON engine 206 has stored a
user profile for each user including the user communica-
tion data for the user such as user key activity (e.g. user
communication data) along with action(s)/response(s)
forimproving the performance and/or mitigating or avoid-
ing the one or more performance issue(s)/problem(s) as-
sociated with the UE 214d of the user. The user profile
for the user may also have stored therein trigger
points/conditions for determining when to execute the
action(s)/response(s) associated with the one or more
performance issue(s)/problem(s).

[0288] Inthisexample, the performance issue/problem
associated with the UE 214d is related to excessive pow-
er consumption or a low battery indication or level of UE
214d, which may resultin poor communications perform-
ance or even a communications outage (i.e. a loss in
communications) during use of UE 214d. For example,
this may also occur atthe same location (e.g. in the office,
at home or while commuting) due to the behaviour or
environment the user regularly finds themselves in e.g.
forgetting to charge the device, lack of power sockets,
plugs or adaptors available for charging UE 214d (e.g.
during commuting or in the office etc.)

[0289] As previously described herein, SSON engine
206 has performed an analysis and optimisation on the
user communication data and also on the hardware/soft-



81 EP 3 269 164 B1

ware configuration of the UE 214d and usage of hard-
ware/software on the UE 214d, which includes historical
user behaviour etc. associated with the user using UE
214dto determine whether and/or when power consump-
tion performance issue(s)/problem(s) exist and to deter-
mine one or more power consumption action(s)/re-
sponse(s) and trigger point(s)/conditions may be used
for overcoming the power consumption performance is-
sue(s)/problem(s). These are stored in the user profile
of the user for UE 214d.

[0290] In this case, the power consumption action/re-
sponse for the power consumption performance is-
sue/problem is determined, by way of example only, to
be when the hardware/software configuration of the UE
214d is configured such that there is excessive power
consumption of the UE 214d. This may occur when the
UE 214d is stationary or non-stationary. This may occur
due to the UE 214d executing multiple applications or
using a large amount of computing resources that may
lead to an excessive power consumption and hence poor
user experience due to the UE 214d running out of power.
[0291] For example the SSON engine 206 during its
analysis/optimisation procedures may identify a set of
applications or hardware components that may be caus-
ing excessive power consumption and which, whilst still
allowing the user of UE 214d to use the UE 214d, may
be terminated or the use of the hardware components
reduced or switched to a sleep mode/low power con-
sumption mode depending on the status of the battery
level or estimated battery life of the UE 214d.

[0292] The SSON engine 206 evaluates the further us-
er communication data for the UE 214d of the user in real
time to determine the status of the UE (e.g. the number
of applications executing on the UE, the hardware com-
ponents being used) and whether the trigger point has
been reached. That is, when the battery level of the UE
214d is below a certain level, or when it is estimated the
UE 214d has a certain amount of time left before it runs
out of power. It may be determined from the user com-
munication data from the UE 214d that the trigger point
in relation to the action/response has been reached.
[0293] At 1504 the SSON engine 206 sends an action
battery or power consumption command message (e.g.
ACTION_BAT_COMMAND) directly to the UE 214d (or
via network element (e.g. in this example, this is RNC
218c)) when it is determined that the UE 214d maybe
excessively using too much power and that the battery
life of the UE 214d has been shortened such that the
user will experience a communication or power failure.
The action command message may further include data
representative of the possible set of applications, soft-
ware or hardware components that are not required to
be used by the UE 214d and which will assist in reducing
the power consumption of the UE 214d and thus extend
the battery life of the UE 214d.

[0294] In this case, the UE 218d is configured to de-
termine from receipt of the ACTION_BAT_COMMAND
the required modifications to the hardware/software con-
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figuration of the UE 214d based on the
ACTION_BAT_COMMAND. Thus, the configuration of
the UE 214d is modified to terminate one or more appli-
cations executing on the UE 214d, and/or reduce the
power consumption of one or more hardware compo-
nent(s) on the UE 214d (e.g. switching one or more hard-
ware components to alow power mode), or both reducing
software/applications that are using hardware compo-
nents resulting in excessive power consumption of the
UE 214d.

[0295] At 1508, the UE 214d with the modified config-
uration communicates with the telecommunication net-
work using the modified configuration (e.g. a low power
configuration) depending on the action/response of the
ACTION_BAT_COMMAND. In 1510, the UE 214d may
send a report of the UE communications data to the
SSON engine 206 for determining whether the triggered
power consumption/battery action/response resolved
the corresponding excessive power consumption/battery
level handover performance issue(s)/problem(s).
[0296] The methods, apparatus, network elements,
UEs, system(s), SSON engine(s) and module(s) and/or
combinations thereof and as described herein may also
be operable to interface with other non-conventional
technologies and systems to implement UE specific op-
timisations. The system(s) may include the organised Wi-
Fi network described in patent application number EP 3
048 839 A1 and the aggregated radio access network
described in patent application EP 3 010 271 A1. Both
of the described systems optionally incorporate a central
controller for managing the functionality of the nodes. In
each case the methods, apparatus, network elements,
UEs, system(s), SSON engine(s) and module(s) and/or
combinations thereof as described in the present appli-
cation may interface directly with the nodes or instruct
the central controller. The methods, apparatus, network
elements, UEs, system(s), SSON engine(s) and mod-
ule(s) and/or combinations thereof described in the
present application will, based on a user profile, deter-
mine that optimisations are possible and instruct the con-
troller or nodes to implement a change.

[0297] The terms ‘computer’, ‘user equipment’ and
‘network element device’ are used herein to refer to any
device with processing capability such that it can execute
instructions. Those skilled in the art will realize that such
processing capabilities are incorporated into many dif-
ferentdevices and therefore the term ‘computer’ includes
PCs, servers, mobile telephones, personal digital assist-
ants and many other devices.

[0298] In an example, the network element is config-
ured to modify the configuration of the UE by directing
the UE to a selected radio access technology.

[0299] Those skilled in the art will realize that storage
devices utilized to store program instructions can be dis-
tributed across a network. For example, a remote com-
puter may store an example of the process described as
software. A local or terminal computer may access the
remote computer and download a part or all of the soft-
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ware to runthe program. Alternatively, the local computer
may download pieces of the software as needed, or ex-
ecute some software instructions at the local terminal
and some at the remote computer (or computer network).
Those skilled in the art will also realize that by utilizing
conventional techniques known to those skilled in the art
that all, or a portion of the software instructions may be
carried out by a dedicated circuit, such as a DSP, pro-
grammable logic array, or the like.

[0300] Anyrange or device value given herein may be
extended or altered without losing the effect sought, as
will be apparent to the skilled person.

[0301] It will be understood that the benefits and ad-
vantages described above may relate to one embodi-
ment or example or may relate to several embodiments
or examples. The embodiments and/or examples are not
limited to those that solve any or all of the stated problems
or those that have any or all of the stated benefits and
advantages.

[0302] Any reference to’an’ item refers to one or more
of those items. The term ’'comprising’ is used herein to
mean including the method blocks or elements identified,
but that such blocks or elements do not comprise an ex-
clusive list and a method or apparatus may contain ad-
ditional blocks or elements.

[0303] The steps of the methods described herein may
be carried out in any suitable order, or simultaneously
where appropriate. Additionally, individual blocks may be
deleted from any of the methods without departing from
the scope of the subject matter described herein. Aspects
of any of the examples described above may be com-
bined with aspects of any of the other examples de-
scribed to form further examples without losing the effect
sought.

[0304] It will be understood that the above description
of a preferred embodiment or example is given by way
of example only and that various modifications may be
made by those skilled in the art. Although various em-
bodiments and/or examples have been described above
with a certain degree of particularity, or with reference to
one or more individual embodiments or examples, those
skilled in the art could make numerous alterations to the
disclosed embodiments or examples without departing
from the scope of this invention.

Claims

1. A computer-implemented method for a self-organis-
ing network, SON, engine in a telecommunications
network, the telecommunications network compris-
ing a plurality of user equipment, UE, the method
comprising:

receiving, by the SON engine, communications
data associated with one or more of the plurality
of UEs;

analysing, by the SON engine, the communica-
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tions data to determine a targeted set of users
with UEs experiencing communication issues;
retrieving, by the SON engine for each of the
targeted set of users, a profile associated with
each user of a UE communicating over the tel-
ecommunications network, wherein the profile
comprises historical data on the communica-
tions behaviour of the user in the telecommuni-
cations network and one or more actions based
on the status of the UE within the telecommuni-
cations network;

analysing, by the SON engine, the retrieved pro-
file in relation to the current status of the UE and
determining one or more optimisation strategies
for overcoming the communication issues and
one or more actions for modifying the network
configuration for the UE to optimise the user ex-
perience at the UE for each of the targeted set
of users;

selecting, by the SON engine, an optimisation
strategy for each UE of the targeted set of users
based on the current status of each UE;
sending, by the SON engine, one or more com-
mands associated with the determined optimi-
sation strategy to modify the network configura-
tion for each UE of the targeted set of users; and
updating, by the SON engine, the profile to in-
clude the determined optimisation strategies
and/or actions associated with each UE of the
targeted set of users.

2. The method of claim 1, further comprising:

receiving, by each UE of the targeted set of us-
ers, the one or more commands from the SON
engine for modifying the configuration for the
UE, wherein the command is based on a deter-
mined action for controlling the UE to respond
to one or more communication or performance
issues associated with the UE;

determining, by the UE, a modification to the
configuration for each UE based on the com-
mand; and

modifying, by the UE, the configuration for the
UE to optimize the user experience.

3. The method as claimed in claim 2, wherein the at
least one command includes one or more parame-
ters that directs the UE to modify the communication
configuration of the UE.

4. The method as claimed in claims 2 or 3, wherein the
at least one command directs the UE to modify the
configuration of the UE to optimize the user experi-
ence.

5. The method as claimed in any one of claims 2-4,
wherein optimizing the user experience comprises
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responding to communication or performance issues
associated with at least one from the group of:

a handover failure from a first base station to a
second base station; and

an excessive power consumption associated
with the UE.

The method of claim 1, further comprising:

receiving, by a network element in the telecom-
munications network, a command from the SON
engine for modifying the configuration for a user
equipment, UE, of the targeted set of users,
wherein the command is based on a determined
action for controlling the network element to
modify the configuration of the UE to optimize
the user experience;

determining, by a network element in the tele-
communications network, a modification to the
communication configuration for the UE based
on the command; and

modifying, by a network element in the telecom-
munications network, the communication con-
figuration of the UE.

The method as claimed in claim 6, wherein the com-
mand directs the network element to send one or
more configuration messages to the UE, wherein a
configuration message includes one or more param-
eters associated with the action for use by the UE to
modify the configuration for the UE.

The method as claimed in claims 6 or 7, wherein the
command directs the network element to modify the
configuration for the UE transparently to the UE.

The method as claimed in any one of claims 6 to 8,
further comprising modifying the configuration of the
UE by directing, by a network element in the tele-
communications network, the UE to a selected radio
access technology and/or by directing, by a network
elementin the telecommunications network, the net-
work element to reduce unnecessary communica-
tions between the UE and the telecommunications
network and/or by reallocating network resources
available to the UE.

A self-organizing network, SON, engine for use in a
telecommunications network, the SON engine com-
prising a processor, memory and a communication
interface, the processor connected to the memory
and the communication interface, wherein the mem-
ory comprises computer instructions stored thereon
which, when executed on the processor, causes the
processor to perform any one of the steps of the com-
puter-implemented method as claimed in claim 1.
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11. A telecommunications network comprising:

a self-organizing network engine as claimed in
claim 10;

auser equipment comprising a processor, mem-
ory and a communication interface, the proces-
sor connected to the memory and the commu-
nication interface, wherein the memory compris-
es computer instructions stored thereon which,
when executed on the processor, causes the
processor to perform any one of the steps of the
computer-implemented method as claimed in
any one of claims 2 to 5; and

a network element comprising a processor,
memory and a communication interface, the
processor connected to the memory and the
communication interface, wherein the memory
comprises computer instructions stored thereon
which, when executed on the processor, causes
the processor to perform any one of the steps
of the computer-implemented method as
claimed in any one of claims 6 to 9.

Patentanspriiche

1.

Computerimplementiertes Verfahren fir eine selb-
storganisierende Netzwerkmaschine (Self-Organis-
ing Network, SON-Maschine) in einem Telekommu-
nikationsnetz, wobei das Telekommunikationsnetz
eine Vielzahl an Benutzergeraten (User Equipment,
UE) umfasst, wobei das Verfahren Folgendes um-
fasst:

Empfangen, durch die SON-Maschine, von
Kommunikationsdaten im Zusammenhang mit
einem oder mehreren der Vielzahl an UE;
Analysieren, durch die SON-Maschine, der
Kommunikationsdaten, um einen gezielten Satz
von Benutzern mit UE zu ermitteln, bei denen
Kommunikationsprobleme auftreten.

Abrufen, durch die SON-Maschine fiirjeden des
gezielten Satzes von Benutzern, eines Profils
im Zusammenhang mit jedem Benutzer eines
Uber das Telekommunikationsnetz kommuni-
zierenden UE, wobei das Profil historische Da-
ten zum Kommunikationsverhalten des Benut-
zers in dem Telekommunikationsnetz und eine
oder mehrere Aktionen basierend auf dem Sta-
tus des UE im Telekommunikationsnetz um-
fasst;

Analysieren, durch die SON-Maschine, des ab-
gerufenen Profils im Zusammenhang mit dem
aktuellen Status des UE und Bestimmen einer
oder mehrerer Optimierungsstrategien zur Be-
hebung der Kommunikationsprobleme und ei-
ner oder mehrerer Aktionen zur Anderung der
Netzwerkkonfiguration fiir das UE, um die Be-
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nutzerfreundlichkeit am UE fiir jeden des geziel-
ten Satzes von Benutzern zu optimieren;
Auswabhlen, durch die SON-Maschine, einer Op-
timierungsstrategie fur jedes UE des gezielten
Satzes von Benutzern basierend auf dem aktu-
ellen Status jedes UE;

Senden, durch die SON-Maschine, eines oder
mehrerer Befehle im Zusammenhang mit der
bestimmten Optimierungsstrategie, um die
Netzwerkkonfiguration fiir jedes UE des geziel-
ten Satzes von Benutzern zu dndern; und
Aktualisieren, durch die SON-Maschine, des
Profils, damit es die bestimmten Optimierungs-
strategien und/oder Aktionen im Zusammen-
hang mit jedem UE des gezielten Satzes von
Benutzern umfasst.

2. Verfahren nach Anspruch 1, weiter umfassend:

Empfangen, durch jedes UE des gezielten Sat-
zes von Benutzern, des einen oder der mehre-
ren Befehle von der SON-Maschine zur Ande-
rung der Konfiguration fir das UE, wobei der
Befehl auf einer bestimmten Aktion basiert, mit
der das UE so gesteuert wird, dass es auf ein
oder mehrere Kommunikations- oder Leistungs-
probleme im Zusammenhang mit dem UE rea-
giert;

Bestimmen, durch das UE, einer Anderung an
der Konfiguration fiir jedes UE basierend auf
dem Befehl; und

Andern, durch das UE, der Konfiguration fiir das
UE, um die Benutzerfreundlichkeit zu optimie-
ren.

Verfahren nach Anspruch 2, wobei der mindestens
eine Befehl einen oder mehrere Parameter umfasst,
die das UE zur Anderung der Kommunikationskon-
figuration des UE anweisen.

Verfahren nach Anspruch 2 oder 3, wobei der min-
destens eine Befehl das UE anweist, die Konfigura-
tion des UE zur Optimierung der Benutzerfreundlich-
keit zu andern.

Verfahren nach einem der Anspriiche 2 bis 4, wobei
die Optimierung der Benutzerfreundlichkeit umfasst,
dass auf Kommunikations- oder Leistungsprobleme
im Zusammenhang mit mindestens einem aus der
Gruppe von Folgendem reagiert wird:

ein Fehlschlagen der Ubergabe von einer ersten
Basisstation an eine zweite Basisstation; und
ein UbermaRiger Stromverbrauch im Zusam-
menhang mit dem UE.

Verfahren nach Anspruch 1, weiter umfassend:
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Empfangen, durch ein Netzelement in dem Te-
lekommunikationsnetz, eines Befehls von der
SON-Maschine zur Anderung der Konfiguration
fir ein Benutzergerat (User Equipment, UE) des
gezielten Satzes von Benutzern, wobei der Be-
fehl auf einer bestimmten Aktion basiert, mit der
das Netzelement so gesteuert wird, dass es die
Konfiguration des UE zur Optimierung der Be-
nutzerfreundlichkeit andert;

Bestimmen, durch ein Netzelement in dem Te-
lekommunikationsnetz, einer Anderung an der
Kommunikationskonfiguration fiir das UE basie-
rend auf dem Befehl; und

Andern, durch ein Netzelement in dem Tele-
kommunikationsnetz, der Kommunikationskon-
figuration des UE.

Verfahren nach Anspruch 6, wobei der Befehl das
Netzelement anweist, eine oder mehrere Konfigura-
tionsnachrichten an das UE zu senden, wobei eine
Konfigurationsnachricht einen oder mehrere Para-
meter im Zusammenhang mit der Aktion umfasst,
anhand derer das UE die Konfiguration fiir das UE
andern kann.

Verfahren nach Anspruch 6 oder 7, wobei der Befehl
das Netzelement anweist, die Konfiguration fir das
UE transparent fir das UE zu andern.

Verfahren nach einem der Anspriiche 6 bis 8, ferner
umfassend die Anderung der Konfiguration des UE,
indem das UE durch ein Netzelement in dem Tele-
kommunikationsnetz zu einer ausgewahlten Funk-
zugangstechnologie geleitet wird und/oder indem
das Netzelement durch ein Netzelement in dem Te-
lekommunikationsnetz angewiesen wird, eine unné-
tige Kommunikation zwischen dem UE und dem Te-
lekommunikationsnetz zu reduzieren, und/oder in-
dem flir das UE verfugbare Netzressourcen neu zu-
gewiesen werden.

Selbstorganisierende Netzwerkmaschine (Self-Or-
ganising Network, SON-Maschine) zur Verwendung
in einem Telekommunikationsnetz, wobei die SON-
Maschine eine Verarbeitungseinheit, einen Spei-
cherund eine Kommunikationsschnittstelle umfasst,
wobei die Verarbeitungseinheit mit dem Speicher
und der Kommunikationsschnittstelle verbunden ist,
wobei der Speicher darin gespeicherte Computer-
anweisungen umfasst, die bei Ausflihrung auf der
Verarbeitungseinheit veranlassen, dass die Verar-
beitungseinheit einen der Schritte des computerim-
plementierten Verfahrens nach Anspruch 1 durch-
fuhrt.

Telekommunikationsnetz, umfassend:

eine selbstorganisierende Netzwerkmaschine
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nach Anspruch 10;

ein Benutzergerat, umfassend eine Verarbei-
tungseinheit, einen Speicher und eine Kommu-
nikationsschnittstelle, wobei die Verarbeitungs-
einheit mit dem Speicher und der Kommunika-
tionsschnittstelle verbunden ist, wobei der Spei-
cher darin gespeicherte Computeranweisungen
umfasst, die bei Ausflihrung auf der Verarbei-
tungseinheit veranlassen, dass die Verarbei-
tungseinheit einen der Schritte des computer-
implementierten Verfahrens nach Anspruch 2
bis 5 durchfiihrt; und

ein Netzelement, umfassend eine Verarbei-
tungseinheit, einen Speicher und eine Kommu-
nikationsschnittstelle, wobei die Verarbeitungs-
einheit mit dem Speicher und der Kommunika-
tionsschnittstelle verbunden ist, wobei der Spei-
cher darin gespeicherte Computeranweisungen
umfasst, die bei Ausflihrung auf der Verarbei-
tungseinheit veranlassen, dass die Verarbei-
tungseinheit einen der Schritte des computer-
implementierten Verfahrens nach Anspruch 6
bis 9 durchfilhrt.

Revendications

Un procédé mis en oeuvre par ordinateur destiné a
un moteur de réseau auto-organisateur, SON, dans
un réseau de télécommunications, le réseau de té-
lécommunications comprenant une pluralité d’équi-
pements d’utilisateur, UE, le procédé comprenant :

la réception, par le moteur SON, de données de
communications associées a un ou plusieurs
UE de la pluralité d’'UE,

'analyse, par le moteur SON, des données de
communications de fagon a déterminer un en-
semble ciblé d’utilisateurs avec des UE rencon-
trant des problémes de communication,

la récupération, par le moteur SON pour chaque
utilisateurde I'ensemble ciblé d’utilisateurs, d’'un
profil associé a chaque utilisateur d’'un UE com-
muniquant par I'intermédiaire du réseau de té-
lécommunications, ou le profil comprend des
données d’historique sur le comportement de
communication de l'utilisateur dans le réseau de
télécommunications et une ou plusieurs actions
basées sur le statut de 'UE a l'intérieur du ré-
seau de télécommunications,

I'analyse, par le moteur SON, du profil récupéré
en relation avec le statut actuel de I'UE et la
détermination d’'une ou de plusieurs stratégies
d’optimisation destinées a la résolution des pro-
blémes de communication et d’'une ou de plu-
sieurs actions destinées a la modification de la
configuration de réseau pour 'UE de fagon a
optimiser I'expérience de I'utilisateur au niveau
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de 'UE pour chaque utilisateur de I'ensemble
ciblé d'utilisateurs,

la sélection, par le moteur SON, d’une stratégie
d’optimisation pour chaque UE de I'ensemble
ciblé d'utilisateurs en fonction du statut actuel
de chaque UE,

I'envoi, par le moteur SON, d’une ou de plu-
sieurs commandes associées a la stratégie
d’optimisation déterminée de fagon a modifier
la configuration de réseau pour chaque UE de
I'ensemble ciblé d’utilisateurs, et
I'actualisation, par le moteur SON, du profil de
facon a inclure les stratégies d’optimisation dé-
terminées et/ou les actions associées a chaque
UE de I'ensemble ciblé d’utilisateurs.

Le procédé selon la Revendication 1, comprenant
en outre :

laréception, par chaque UE de I'ensemble ciblé
d’utilisateurs, des une ou plusieurs commandes
a partir du moteur SON destinées a la modifica-
tion de la configuration pour 'UE, ou la comman-
de estbasée surune action déterminée destinée
a la commande de 'UE de fagon a répondre a
un ou plusieurs probléemes de communication
ou de performance associés a 'UE,

la détermination, par 'UE, d’'une modification a
la configuration pour chaque UE en fonction de
la commande, et

lamodification, par 'UE, de la configuration pour
I'UE de fagon a optimiser I'expérience de I'utili-
sateur.

Le procédé selon la Revendication 2, ou la au moins
une commande comprend un ou plusieurs parame-
tres qui dirigent I'UE de fagon a modifier la configu-
ration de communication de 'UE.

Le procédé selon I'une quelconque des Revendica-
tions 2 ou 3, ou la au moins une commande dirige
I'UE de fagon a modifier la configuration de I'UE de
fagon a optimiser I'expérience de I'utilisateur.

Le procédé selon I'une quelconque des Revendica-
tions 2 a 4, ou I'optimisation de I'expérience de I'uti-
lisateur comprend la réponse a des problémes de
communication ou de performance associés a au
moins un élément du groupe se composant de :

un échec de transfert a partir d’'une premiére
station de base vers une deuxiéme station de
base, et

une consommation d’énergie excessive asso-
ciée a 'UE.

Le procédé selon la Revendication 1, comprenant
en outre :
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la réception, par un élément de réseau dans le
réseau de télécommunications, d’'une comman-
de a partir du moteur SON destinée a la modi-
fication de la configuration pour un équipement
d’utilisateur, UE, de I'ensemble ciblé d’utilisa-
teurs, ol la commande est basée sur une action
déterminée pour la commande de I'élément de
réseau de fagon a modifier la configuration de
'UE de fagon a optimiser I'expérience de [I'utili-
sateur,

la détermination, parun élémentde réseau dans
le réseau de télécommunications, d’'une modifi-
cation a la configuration de communication pour
'UE en fonction de la commande, et

la modification, par un élément de réseau dans
le réseau de télécommunications, de la configu-
ration de communication de I'UE.

Le procédé selon la Revendication 6, ou lacomman-
de dirige I'élément de réseau de fagon a envoyer un
ou plusieurs messages de configuration a 'UE, ou
un message de configuration comprend un ou plu-
sieurs parameétres associés a I'action pour une utili-
sation par 'UE de fagon a modifier la configuration
pour 'UE.

Le procédé selon I'une quelconque des Revendica-
tions 6 ou 7, ou la commande dirige I'élément de
réseau de fagon a modifier la configuration pour 'UE
de maniere transparente a 'UE.

Le procédé selon I'une quelconque des Revendica-
tions 6 a 8, comprenant en outre la modification de
la configuration de 'UE par la direction, par un élé-
ment de réseau dans le réseau de télécommunica-
tions, de 'UE vers une technologie d’acces radio sé-
lectionnée et/ou par la direction, par un élément de
réseau dans le réseau de télécommunications, de
I'élément de réseau de fagon a réduire des commu-
nications non nécessaires entre 'UE et le réseau de
télécommunications et/ou par la réattribution de res-
sources de réseau disponibles a 'UE.

Un moteur de réseau auto-organisateur, SON, des-
tiné a une utilisation dans un réseau de télécommu-
nications, le moteur SON comprenant un proces-
seur, une mémoire et une interface de communica-
tion, le processeur étant raccordé a la mémoire et a
I'interface de communication, ot la mémoire contient
des instructions informatiques conservées en mé-
moire sur celle-ci qui, lorsqu’elles sont exécutées
sur le processeur, amenentle processeur a exécuter
'une quelconque des opérations du procédé mis en
oeuvre par ordinateur selon la Revendication 1.

Un réseau de télécommunications comprenant :

un moteur de réseau auto-organisateur selon la
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Revendication 10,

un équipement d’utilisateur comprenant un pro-
cesseur, une mémoire et une interface de com-
munication, le processeur étant raccordé a la
mémoire et a I'interface de communication, ou
la mémoire contient des instructions informati-
ques conservées en mémoire sur celle-ci qui,
lorsqu’elles sont exécutées sur le processeur,
amenent le processeur a exécuter 'une quel-
conque des opérations du procédé mis en
oeuvre par ordinateur selon l'une quelconque
des Revendications 2 a 5, et

un élément de réseau comprenant un proces-
seur, une mémoire et une interface de commu-
nication, le processeur étant raccordé a la mé-
moire et a l'interface de communication, ou la
mémoire contientdes instructions informatiques
conservées en mémoire sur celle-ci qui, lors-
qu’elles sont exécutées surle processeur, ame-
nent le processeur a exécuter I'une quelconque
des opérations du procédé mis en oeuvre par
ordinateur selon I'une quelconque des Reven-
dications 6 a 9.
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